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Tus py, likewiſe, haves A , confiderable reſemblance to 


dhat of the ſublime, which is one of the moſt exquiſite of all 


* tthoſe that affect the human imagination. For an object in which - 
we ſee a perpetual progreſs and improvement is, as it were, con- 
tinually riſing in its magnitude; and moreover, - when we ſee an 
actual ingreaſe, in a long period 'of time. Paſt, we cannot help 
forming an idea of an unlimited inereaſe if in futufity; which is» 


a proſpect really boundleſs, and ſublime. 
Tux pleaſures arifing from views exhibited in civil, 1 


and philoſophical hiſtory are, in certain reſpects, different from 

one another. Each has its pong, tee 1 each i its defects: and 
cats ee, eee ee ibut pt tl if- 

. Ene hiſtory a us with ws the ſtrong 

nd ſentiments! of the human mind, into which every man ein 


R wag 3 and hae! ſuch iniderits; — 


rr r r 
* f 4. 4-4 £ ? F = — * 
* f * s, 9 
4 a 6 . . 17s < —_ 4 I - 
. x . . 


— 


8 z . . . CO ET WESTERN * 2 
PFC c . o TTT — ages? = 


k re, we are” 15 
a confiderable Adee. 
* — wo Werle fre 8 civil e ariſes, chiefly, 
from the exerciſe it "affords Nerd paſſions. * The imagination is 
85 only entertained Scree ds 2 
ie ſtterludes, or epiſodes, i 10 the great une, to which we are Prins 
5 cCipally attentive. We are preſented; indeed, with the ptoſpect of 
gradual impro can ing the riſe of grea empires; but, as 

welread on, we are obliged o-coritemplate the difagreeable re- 
verſe. And the hiſtory pf moſt ſtates preſents nothing but 4 
tedious uniformity, without any "ſtriking events, to diverſify 
and embelliſh the proſpect. Beſides, if a man have any ſentiment 
of virtue and benevolence, he cannot help being ſhocked with a 
= of th the vices and miſeries of mankind; Which, though they 


ES be 


— 5 


F ” * lee erer U 
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THE rn PACE. 2 in 
the moſt Sogn lik objeds in | 
An attention, indeed, to the cot 
duct of divine providence, which is ever bringing good out — 
evil, and gradually e things to a more perfect and , 
_ glorious Rate; tends to throw a more agreeable light on the more 
gloomy parts of f hiſtory, but it requires great ſtrength of 
uind to comp! thoſe views; and, after all; the wr of 
the heart too en over power the concluſions of the head. 
Narux Ar hiſtory exhibits a boundleſs variety of ſcenes, and 
yet! infinitely analogous to one another. A naturaliſt has, con- 
equently, all the pleaſure which the contemplation of uniformi- 
ty and variety can give the mind; and this is one of the moſt 
copious ſources of our intellectual pleaſures. He is likewife en- 
tertained with a proſpec of gradual improvement, while he ſees 
| _y ewes in nature rifing by due degrees to its maturity and p 
fe And while new plants, new animals,” and new foffils 
are ene zally pouring in upon him, the moſt pleaſing views of 
the unbounded power, wiſdom, an "goodneſs of God are con- 
ſtantly on his mind. But he has no direct view of human 
ſentiments and Which, by means of their endleſs 
flciaions, greatly beighten'a and hrs 25 wr the ee of 15 
q Tus hiſtory of philoſophy: enjoys, in ſome alle the ad- 
vantages both of civil and natural biſtory, whereby it is relieved 
from what is moſt tedious and diſguſting in both. Philoſophy 5 
_—— the powers of nature, diſcovered and directed by human | 


It has, therefore, in ſome meaſure, the boundleſs variety 


bet not all, tes e 


the hiſtory of human affairs. 
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= the amazing uniformity. of the one, and likewiſe every 


thing g that is pleaſing and intereſting in the other. And the idea 
o cantiaua} riſe and eee is conſpicuous f in "hk whole | 
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. nente bins can erhibst ksbess df t Hüte u fe Q 
improvement in things; as wo ſve in the progreſb of the Human 

mind, in philoſophical inveſtigations. Fo whiitever Hei ight dre 
have arrived in natural ſcience, our bezinniagt weite ibs, | 
aud our idvances have been exceeding gradual.” Anck to Look 
dowin fromthe cminence,. and te ſee; and eompare alf thoſe 


Ii Sa 


——— en the eminence; an@ who feet 


the. advantages: of their clevated ſituation. Ant confiering 
that 1 we MH nn; a alas Sener deer es nee ; 


* ination not Aueh ahene the fort af 3 it, © view: of the man- 


ver in. which Hon has been made, cannot but animate us 
Rl higher, - and” N me 
(expedients te afk o. in oer further rogre! 1 on 


* F- 


ad, Rave been dock ide e 


b reading ce ente of 


ph bibphy to philoſophers > : May not even | 


Hed. in n- this caſs.?* The wars of many of thoſe con- 


4 


© a} 


e from hiſtory, had no pro- 

with forme: wars: They were only analogous to 
eas the whole buſineſs. of philoſophy, diverſified 
9; it being one and the fame great ſcheme, 
bat all philoſophers, oß all ages and nations have been conduct 
ing, from the beginning of the world; i that the work being 


„but in an immediate manner ſubſervient to them; and 
one mae! were dN in che fame field ; as one Mr 


r DAB. 


advances in the aſcent; cannot bat ' give" the greateſt a 


s of one are not only analogous to. thoſe of 
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aſe, an nnn 1 : ige of what has been dene before us 
cannot but Steatly facilitate our Future. pores. * it * ab- 
: ſolutely neceſſary to itte (BL e 


Tuzsx hiſtories are evidenty ads more e in an 
adyanced be oo 


ience, 751 e e ab it. At Rn : 
are. ſo diſperſed. "hare is 88 in he po any man as when e 


at the knowledge of all that has been done, as a brandatiod for 

his own, inquirieis. And this circumſtance app + 5 to. me to o have 
very. much retarded the progreſs 2 diſcoveries. | 
Nor that. I think e Cal 

On the other.) ha 


: Na, it oa me, ” the. e a9: wa Ga accelerated. 
But the increaſe of knowledge is like the inereaſe of a city. The | 
building of ſome of the firſt ſtreets. makes a great figure, i 
much talked of, and known to every body; FR whereas the; addi 
tion of, perhaps, twice as much building, after it has been 

ſwelled to a conſiderable ſize, is not ſo much as taken notice of, | 


and may be really unknown to many of the inhabitants. If the 


additions which have been made. to the buildings of the city of 
. London, in any ſingle year: of late, had been made two or three 
centuries ago, it could not have eſcaped che obſervation of hiſto- 
rians; Whereas, now, they are ſo ſcattered, and the proportion 
they bear to the whole city is ſo ſmall, that they are hardly 
noticed. | For the. ſame. reaſon, . the improvements that boys 
make at ſchool, or that young gentlemen make at an academy, | 
or the univerſity, are more taken notice of than all the know-. 


ledge they acquire afterwards, . though they continue their. 
ſtudies | with the ſame aſſiduity and ſucceſs. | 


Tux * e of pe cimental pb oſophy, in he: deny! in 
2 | mm — which 


1 


5 few, 0 


* HE PREFACE. e * 
hib it ooglit to be written, 0 80 6f aueh uſe, "Would bean 


immenſe work i buy 0 | ere "deb to be wiſhed, that 
4 who have Jeff firs, and ſufficient” abilities; w ul undertake 1 
been + able, for that br: 
 amiuſement; and 1 mall *think” ngk happy, if the amen 
excite other perſons to do the like for th FAA 0 
Ioan help thinking yet to kvelbevs) potent 7 OY 
tunate,” in undertaking the hiſtory of electrieity, at the moſt 
proper time for writing it, when the materials were neither too 
too many to make a hiſtory ; and when they were ſo 
ſcattered, as to make the undertaking highly e _ the 
work peculiarly uſeful to Engliſhmen. 
IxIxxwWIsE think myſelf peculiarly bene m in my y fabject it it- 
ſelf. Few branches of Natural Philoſophy would, I think, 


make ſo good a ſubje& for, a hiſtory. Few can boaſt ſuch 4 


Th b Jer of diſcoveries, diſpoſed in fo fine a ſeries, all compriſe 
pace of time, and all fo recent, the e principal "I 
tors in the Wade being ſtill living. Ha 


'W:1ru ſeveral of theſe principal actors it hs IO my. TR | 


dance and happineſs to be acquainted ; and it was their appro- 


bation of my plan, and their generous encouragement that i in- . 


duced me to undertake the work. With gratitude I acknowled ge 
| my obligations to Dr. Watſon, Dr. Franklin, and Mr. 
for the books, and other materials w 
+ plied me, and fob the rea- 


vith which they: bave ſup-⸗ 
ineſs with which they have given me 


ny information in their power to procure. In a more eſpecial | 
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manner am I obliged to M . Canton, for thoſe original commu- 
nications of his, which will be found in this work, and which 


cannot fail to gire 2 value to it, in the eſteem of all the lovers of 
ny" My pa) ms ama are alſo due to the 
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hended, 2 Times rr 8 be uſeful tortheibf ucceſlors. 
All the diſputes which have no way contributed to the aleo ery 


of truth, I would;gladly-configncto eternal oblivion. Did ĩt de- 5 


pend upon me, it ſhould. never be known to poſterity, that there 
„ / ever been any ſach thing as envy, jealouſy, or cavilling 


- admirers of my favourite. ſtudy, have, as far as my 


5 vaſt e be direct me, been juſt to the merits of all 
perſons concerned. If any have made unjuſt claims, by arrogating 
to themſelves the diſcoveries of others, I have ſilently reſtored 


them to the right owner, and generally without ſo much as giy- 
ing 2 hint that any injuſtice had ever been committed, If 2 
in any caſe, Siren a hint, 1. hope it will be thought, by the o 
fending parties themſelves, to be à very gentle one; and e i 
with be A memento,. which will not be without its- uſe. 
I xuIxx Lhave kept clear of any mean partial 


authors are oftner quoted, than foreign, it is beca 
mere N procured ; and I have found 2 amen 1 could not 


| Pk oo a little of the novel > pn which I have co 


from an attention to it, by expreſſing my. wiſhes, that. more per- 
ſons, of a ſtudious and retired life, would admit this part of cr 
perimental philoſophy into their ſtudies. Th 


and arms, as well as to the head. Electrical experin 

all others, the cleaneſt, and the moſt elegant, that the compaſs; 

of n exhibits. They are 1 wah, the leaſt trou- 
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own countrymen, and even my on ben If Roli 
they were 


agreeably to diverſify a courſe of ſtudy, by mixing ; omerhing of | 
action with ſpeculation, and giving ſome employment to the bands 5 
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ruction we are able to get from 
n exhauſted; but dee mt in tre 
| endleſs fund of knowledge. By rag 0 1 inſt 
ever Ido not here mean the plc 

ich are only the means which 

to explain their own-eonceptions bra things 10 ane K. 
therefore, like books, have no uſes more extenſive than the views 
. sf human ingenuity ;' ut ſuch e e conden g en- 
gine, pyrometer, &c. (with which electrical ma hine: t | 
naked) and which exhibit the operations of naturd, "that is of 
the God of nature himſelf, which are infinitely various. By the 
e p © of theſe machines, we are able to put an endleſs variety of 
_ things into an endleſs variety of ſituations, while nature herſelf is. 
the agent that ſhows the relult. Hereby the laws of her action 
are obſerved, and the moſt important diſcoveries may be ny 3 
. 1 45 thats who arch contrived the inſtrument could: have 
Y 0 deBriciy. . Fa e there is» che greateſt room to make 
new diſcoveries. | 'Ttiis a field but Juſt opened, and requires no 
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a general attention to the whole dad eſs of philoſophy, :- 
I WISE all incorporated philoſophical. ſocieties in Europe 
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Hikes adventure ſeems to be totally extinct in the preſent race 
of merchants. This diſcovery i is a grand deſideratum in ſcience ; 3. 
and where may this pure and noble enthuſiaſm for. ſuch. diſcove- 
men uninfluenced by 
wboetens (hich of policy or gain Let us think ourſelves happy 
if princes give no obſtruction to auch deſigns. Let them fi 
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avith- mentionin g that ſentiment, which ought to bee upperm oft 
in the mind of every philoſopher, whatever be the immedi 
object of his purſuit; that ſpeculation is only of uſe as: it leads to e 
practice, that the immediate uſe of natural ſcience is the power 
it ade ie over nature, by means of the knowledge we acquire 
of its Jaws ; whereby human life is, in its preſent Rate, made 
more comfortable and happy; but that the greateſt, and nobleſt 
1 N p iloſophical ſpeculation is the diſc ipline of the heart, and 
| 5 the opportunity it affords W Somme” benevolent and you 
„„ ſentiments upon the mind. e cs 
A rnirosopHER ought to be fomething preater, as better 
than another man. The contemplation of the works of God 
ſhould give a ſu limity to his virtue, ſhould expand his bene- 
volence, extinguiſh every thing mean, baſe, and ſelfiſh in his 
nature, give a dignity to all his ſentiments, and teach him to by 
"aſpire to the moral perfections of the great author of all t 
What great and exalted beings would philoſophers be, woul 
they but let the objects about which they are clean 8 
their proper moral effect upon their minds! A life ſpent in the 
contemplation of the productions of divine power, wiſdom, an- 
goodneſs, would be a life of devotion. The more we ſee of 
the wonderful ſtructure of the world, and of the laws of nature, 
the more clearly do we comprehend their admirable uſes, to 
make all the pereipient creation happy: : a ſentiment, which 
cannot but All 1 . with unbo indec op n and 
79 5 2 N. j 
Even every PORE painful and Mis: in the: 2 ap- 
pears to a philoſopher, upon a more attentive examination, to 
be excellently provided, as a remed y. of ſome greater inconve- 
— -nience, or a neceſſary means of a 'much greater happineſs; fo 
chat, from this elevated Power of view, he ſees all temporary 
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erxils and eee to vaniſh, in the glorious proſpect of 

the greater good to which they are ſubſervient. Hence he is 

able to venerate and rejoice in God, not only in the bright ſon 

ſhine, but alſo in che darkeſt ſhades of nature, whereas vul ar 
minds are apt to be diſconcerted with the appearance of evil; 

Nox is the cultivation of piety uſeful to us only as men, it is 

even uſeful to us as philofophers : : and as true philoſophy tends to 
promote piety, ſo a generous and manly piety is, reciprocally, 
ſubſervient to the purpoſes: of philoſophy; and this both in a 
direct, and indirect manner. While we keep in view the great 
final cauſe of all the parts and the laws of nature, we have ſome 
clue, by which to trace the efficient cauſe. This is moſt of all 
obvious in that part of philoſophy which reſpects the animal 
creation. As the great and excellent Dr. Hartley obſerves. 

«« Since this world is a ſyſtem of benevolence, and conſequently 

« its author the object of unbounded love and adoration, bene 
; «« volence and piety are our only true guides in our inquiries | 
=_  K_* into. it; che only keys which will unlock the myſteries of 
£1 t nature, and clues which lead through her labyrinths. Of 
this all branches of natural hiſtory, and natural ann 
4 afford abundant inſtances. In all theſe i inquiries, let the in- 


«« quirer take it for granted previouſly, that every thing is right, 
1 and the beſt that can be ceteris manentibus; that is, let him, 
«c « with, a. pious confidence, ſeek for benevolent pyrpoſes, and | 
46 he will be always: directed to the right road; and after a due 
« continuance in it, attain to ſome new and valuable truth : 
whereas every other principle and motive of examination, 
10 being foreign to the great plan on which the univerſe is con- 
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Worry teſpeck t the indirect uſe of piety, it nh be obſery« 
. that the tranquility, and chearfulneſs of mind, which re- 
- fults from devotion forms an excellent temper for conducting 
philoſo ca inquiries; tending to make them both more _—_ 
men ad more kee il ren n ien 80 f religion 
othe n paſſion, w ich | 3 the Jones of: ſcience; 
and a eder IO by laying an undue bias _ 
= . nee and diverting it from the Calm 1 | | 
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| ing, _ even hm it is, is not one of the higheſt 
Lanes of our nature, that the pleaſures it furniſhes a 
ut one degree, above thoſe of ſenſe, and therefore that te 
wenn is requiſite in all ſcientifical parti. e the duties 
of eyery man's: proper ſtation in life, which ought ever to be he 
ſacred and inviolate, the calls of piety, Fe -Frionathip;. 
and many other avocations ought generally to ih heard before 
that of 9 It is, therefore, only a ſmall ſhare of their 
1 thatre malt men can be juſtified in giving to the purſuit 
though this ſhare is more or leſs, in proportion to 
a man's e in 0 his natural nne and. the ten | 
nity he has for conducting his inquirie TE 
. I 8HALL conclude; with another ge ens Dr. Hartley to 
this purpoſe. «© Though the purſuit of truth be an entertain- 
« ment and employment ſuitable to our rational natures, and a 
4 to him who is the fountain of all knowledge and truth, 7 
we muſt nt intervals and interruptions ; elſe 
4 « the ſtudy of ſcience, without a view to God ar.d:our duty, and 
t from a vain deſice of applauſe, will get poſſeſſion” of our 
« hearts, engroſs them wholly, and by taking deeper root than 
* the pack of vain eee, become, 1 in the end, a much 
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rts of our natures. It is with theſe pleaſures as with 
« the appetites muſt not be made the mea- 
« ſare of our indulgence, but we ought to refer all to a high 
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ADVERTISEMENT. „ 


miad have ſeldom, leiſure to; make thew ſelves. ſo much, maſters 
of, as to Lag 4 in it with that gance which, the taſte. of the 


Lat 


age requires. Beſides: books written in Latin are but little read, 
at leaſt, in England ; and therefore could have no fale.\ with 105 
Theſo circumſtances make it the more neceſſary, that there 
ould be, in every, country, . perſons. poſſeſſed. of a competent 


e of foreign languages, who. ſhould be attentive to the 
progreſs of ſcience abroad, and communicate to their countrymen 


all uſeful diſcoveries as they are made. Beſides the. improves 
ments in the. biſtory,. and other parts of this work, the reader 
will find, in this edition, an addition of three intire ſections of 
original experiments. All that. are of the leaſt conſequence are 


printed, and fold Fes | bor t the benefit of thoſe who pur- 
chaſed the firſt edition. 
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As [did not receive 1 new 1 a Dr. Frinklin's J Letters, 
ail near one half of this work was printed off, I am obliged to 


8 add,. in this place, a few. things, which I could have withed to 
0 have inſerted. | in the period which relates to his diſcoveries. 
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* Tur power of points to. throw off the electric fite was com- 
municated to Dr. F ranklin by his friend Mr. Thomas Hopkin- 
ſon, who elearified an iron ball of three or four inches diameter 


with a needle faſtened to it, expecting to draw a ſtrongeg ſpark 


| from the. Point. as s from. 4 kind of focus, doped ſurpriſed to 


# ot 4 
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6 deb Dr. Franklin firſt; an the ptac⸗ 
lity of drawing lightning from the clouds may be ſeen from 
an extract which he has Siven us from his memorandums. No 
vember 7th. 1749. After enumerating all the known points of 
reſemblance between lightning and electricity, he concludes 
with ſaying, , the electric fluid is attracted by points. We db 
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not under a metal luftre ſakpended y a chain) fittin | 
chair, and laying their feet upon another. It is ftill ſa 
ſays, to bring two or three ma eds, into the 5 
of the room, and, folding up double, to place the chairs 
upon them, for they, not being fo od conductors as the Us, he 
lightning will not chuſe to ug 3 ut the' ſafeſt 
place of all is in a hammock bung i in 8 ten cords, at an e qual at 
tance from all the fides s of the room, p 484. wy would add, that 
> Place « of moſt S—_ 1 ety 18 be the cellar, and e fpeci- 
ally the middle af it; for when a perſon. i is lower np = furface 
of the earth, the eee muſt ſtrike it b b ö 
TR Dodior thinks , pe ther Hp 
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accumulation of an electrie ue upon them, and ", 
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II. 4 deception relating to tbe direction of the electric ſpark. p. 695 


III. An experiment intended to aſcertain whether electric ſubſtances, 


in their natural ſtate, contain more of the electric . fluid than « con- 
ductors. So 9 p. 696 
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XPERIMENTS AND DISCOVERIES IN ELECTRICITY PRIOR TO 

| THOSE of Ms. HAWKESBEE. RR OY 
e obſervation, that yellow amber, when rubbed, 


has the 
etus, the father of 


attracting light 
iloſophy, wh 


about ſix hundred ears befor 5 Chril „ Was fo much ſtruck with 
_ this property of amber, that he imaginedfit © was animated. But 


the firſt writer, who expreſſly mentions this ſubſtance, is Theo- 


phraſtus, who flouriſhed about the year 300 before Chriſt, He 
ſays, in his book concer e fones, 
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. THE | DISCOVERIE 7 PART I. 


| he obſerves, attracts not only ſt 


faws, and ſmall pieces of ſticks, 
but even thin pieces of copper and iron. What he ſays farther 
of the lyncu rium will be related under the article of the tour malin, 
which Dr. Watſon has, in a manner, e to be the ſame 
ſubſtance. 15 5 
FON Mv the Greek name. Far amber, i is it the tem 
ELECTRICITY, Which is now extended to ſignify not only the 
power of attracting light bodies inherent in amber, but other 
J connected with it, in whate) er bodies they are kuppoſed 752 
to We, or to whatever bodies they n may be communicated. 
Tux attractive nature of amber is occaſionally mentioned by [TR 
- Pliny, and other later naturaliſts; particularly by Gaſſendus, 
Kenelm Digby, and Sir Thomas Brown; but excepting the elec- 
1 tricity of the ſubſtance called jet,* 5 the diſcovery of which Was 
very late (though I have not been able to find its author) no ad- 
vances were made in electricity till the ſubject was undertaken 
. by William Gilbert, a native of Colcheſter, and a phyſician at 
London; who, in his excellent Latin treatiſe de magnete, pub- 
liſhed in the year 1600, relates a great variety of electrical expe- 
riments. Conſidering the time in which this author wrote, and 
how little was known of the ſubject before him, his diſcoveries 
may be juſtly deemed conſiderable, though they appear trifling 
; when compared with thoſe, which have been made ſince his time. 
To him we owe a great. augmentation of the liſt of electric 
bodies, as alſo of the bodies on which electrics can act; and he 
has carefully noted ſeveral capital circumſtances relating to the 
1 manner of cheir action, though his theory of electricity was very 
10 . imperlect, as might be expected. : 


* 


Mr. Boſe is ſaid to have ſhown, that the agate was very * known to haye eledrie 
powers. Geſchichte, Vol; 1. p. 179. 
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very but in 4 finall degtee, and the three Iſt | 


LMASIr bod ies t and all'n whic 0 
— not ſubject to this attraction, Gros . 
ſmoke, he found, was attracted very ſenſibly, but that whict 13 5 
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| +/Pmrer1on; he faye, ie, in general, neceſſary to excite the — 


time electric ub 5 | 
nces would act ten minutes after excitation. But he ſays, 
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that a moiſt air, or a ſoutherly wind almoſt annihilates't e elec- 
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* 5 trio virtue | The * effect be allo cbſerved from the interpoſi- | 
[ „ 1 5 3 moiſture of any kind, 28 from. the breath, and many - 
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_ thin pieces of metal, and other ſubſtances, ſuſpended N * 
2 5 their centers, to the extremities of which he prefented the e 
5 trics he had excited. His experiments 

preſenting a 1 round dre op of i it upon a dry ſubſtance to the excited 
electric ;. and it is remarkable, that he obſerved the:ſame-conical 
figure of the electrified, drops which Mr. Grey - afterwards: diſco- 
vered, d which will be related more at large in its proper place. 
Gilbert conchided, that air was not affecte by electrical attrac- 
5 tion, becauſe, the flame of a candle was not: for the fla 16, he 

8 „ ſays, would be diſturbed fs Mfg air Had the LCAL given t 
: | it. BR „ l or or 46 iro CoD 


16. 134.46 TR, 


re F zwegined chat clerical attra tion w. 
90 ſame: manner as the attraction of coheſion. Two drops of 
water, he, 0 Aerxed, ru ruſh together when hey are braught into 

contact; and electrics ; he ſays, are virtually brought into con- 

va " _ with the bodies. FRE act og, by mem * _ nd 

5 | | excited by f It riction, > in ban / liste 46 
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ER ö ances, but not always from the interpaſitian of ſarſnet. 
% e date electries, al 
E L. virtue; but that brandy, * 
: ys 1s, chat chty yſtal, tal 
| irtue after being burned or:roafted; 
| alu now 9mitake. The heat of the ſun, 
in | | Collected. by a bu are ſays, is ſo⸗ far from a 
Wall | amber,. and other electrics, that it impairs the virtue of them 
|} [ - though, when electrics have been excited, they will retain. 
bl: = - = their virtue longer in. the ſun-ſhine than in the ſhade balls: 
wil l S Mos of the experiments of this, authar were mad 1 lon 
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an Mater were made by 1 


AW ic No other differences between electric and andgheticntetic« | 

1 ſome of which are very juſt, and others whimfical enough, 
he ſays, that magnetic bodies ruſs together mutually; whereas 

in u dect attraction it is only the electrio that exerts any pow. 
Fe obſerves alſo particularly, that in magnetiſm there is 
2 attraction and e . in ene 61905 the « former, | 
and never the latter. 41 
sven were the diſcoveries of 0 our eee Gilbert; nd 


- amp juſtly be called the father of modern nen though it be 
true that he left his child in its very infancy. .. 


Six Francs Bacon, in his Phyſologizal: Reni on a 
NR ue of bodies attractive and not attractive; but it differs in 


nothing worth mentioning from that of Gilbert, and he does 


281 


en "Eq | 

_ ABouT 30 years afier Gilbert, NicoLaus Cana a Jos | 
at Ferrara, repeated his experiments; and found that 225. 
almoſt all the gums, 14 . onen were to be ranked. « among 
cleftrie-b bodies. T 
Tuns ad. W >N: 3 to 5 * athas 
clectrie ſubſtances did mot eſcape the attenti on of the inquiſitive 
_ and ſagacious Mr. Boyle, who flouriſhed about the year 1670. . 
He made ſome addition to the catalogue of electric ſubſtances, 
and attended to ſome circumſtances relating to electrical attrac- 
tion, which bad en the obſervational of philefophen, who liv- 
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. nat 8 magnets, Lib. 2. dap. ** 0 Goſthichte, vol. 1. p. 3 


excited to make them by his example. However &s they were cotemporary writers, and theis 
claims to diſcovery do not interfere with one mother, there i is no oecaſian to tran! ſe : the 
bers in this work relating to hen. e 
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not ſeem to have ane ww obſervations of his own 1 to 


1 It is ſaid that Mr. Boyle followed Otto Guericke in his electrical experiments, and wan | 
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mains after 8 
the caput 3 ber a 
not find that 
it but in a very low degree. 

Hz found, that the electricity of all! dies car havin 
1 in them e 0 by wiping, and warming them, 
previous; to their being rubbed. By this means he made an elec- 
tric body, no bigger tl ana pea, 1 move a. ſteel needle, - which v 
freely poiſed, three minutes after he had left off cubbing i it. He 
alſo found, that it was uſeful to have the ſurfaces. of electric bo» 
dies made very ſmooth, ee the. le Nn diamond, on 

hict h he tried ſome expe 

poſſeſſed of a Rronge cle 
Lene he eee 
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o account for their not ſenſibly attracting 
* which Gilbert een from the bodies attracted 
1 „ eee attractions, he favad, did not 1 upon the air 
for he obſerved that thez He ſuſpended a a 


1 
+ 
* a 


<oof excited ener one a «gh body in a «gl receiver, wt 
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open zirce But 8. 3 Jeccari 
attraction in a perfect vacuum. 
n Brun made an experi 


tric, he aw that it was: ſenſibly moved by: the e naaa | 
ether body. We ſhould now be ſurptiſed, that any perſon ſhoule 
not have coneluded a priori, that if an eleftric body mitractors 5 
other bodies, it muſt, in return, be attracted by them, action 
and reaction being univerſally equal to one another. But it inſt 
de cotibernd, that this axiom! was not ſo well underſtood in 
Mr. Boyle's time, nor until it was derbe e bo. ron * its 
full latitude by Sir Iſaac Newton. T 1 
Mx. Bev x got a glimpſe, as we may * of thee electric lg 
5 for he found, that a curious diamond, which Mr. Clayton 
EY brought from. Italy, gave light in the dark, when it was rubbed | 
againſt any kind of ſtuff; and he found that, by the ſame treat- 
ment, it became electrical. He alſo obſerves: the . property 
in ſeveral other diamonds. | 
. Tuzse few experiments of Mr. Boyle" „ we ith,” i only 
> to a fewcircurnſtances attending the ſimple property of electrical 
attraction. The neareſt approach that he made to the diſcovery 
of electrical repulſion was bis obſerving, that light bodies, as 
feathers, &c. would cling. to his fingers, and other ſubſtances, 
- after they had been attracted by his electrics. He had ſeen but 
little of the electric light, and little imagined what aſtoniſhing 
2 e would. be afterwards n e by the. fame wonderful 


K 6% 


6p. 6. + Boyle's Mechanical Noten of clefricity: 
I THERE! 5 beg of e of 141. 


power, 


enden in future time. cen Ine . 
V r. - Boy e's oy" of detica autre was, | ha che ee 


dies! in its ray, and in its return to o the ) 


3 "by mean that ele 


trical attraction was really 


the emiſſion of glutinous particles. He took two elec- 


id from one of them 


tric ſubſtances, viz. pieces of colophonia, a 


 Aiſilled, retained its fatty ſubſtance, whereas the other was, 
y diſtillation, reduced to a mere caput mortuum, and retained no 
degree of its bituminous fat. In confequence of this hypotheſis, , 


the firſt im zprovers of electricity. 


"Tas philoſopher made his experiments with 2 globe of ful- 8 
Phur, made by melting that ſubſtance in a hollow globe of glaſs, 
and afterwards > breakin g the glaſs from off it. He little imagined 
that the glaſs globe itſelf, with or without the ſalphur, would 
| have anſwered his purpoſe as well. This globe of folphar he 


mounted ut on an Axis, and whirled i it in a | wooden 1 
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a diſtillation of a black balſam, and thereby deprived it of 
at Rive power. He ſays, that the electric, which was not 


he Fives it as his opinion, that amber attracts light bodies more 
powerfully | than other ſubſtances, becauſe it emits oily and te- 
| nacious effluvia more copiouſly than they do. ee e ORE. 
CONTEMPORARY with Mr. Boyle was Otto Guericke, Burgo- | 
maſter of Magdebourgh, and the celebrated inventor of the air- 
pump, who is likewiſe intitled to a ON Pcs, org 


excited cleric was — by! ij kin: pore wroteon wir 
onched by forae- other body. In this manner he kept 
a: feinher e Jong tir ſuſpendedin the air above his ſul Pur globe; 4 
obſerved; that if he drove ie neas 4 Rhen thread, or the 
a andle, it inſtantly retreated to the” globe, without | 

| having been in contact with any ſenſible body. 
_ »Nerrnzs the found, nor che light produced by Abe evelcbtton 
of his globe eſcaped. the notice of this acourate ' philoſopher, 
_ thouglvhe ſeems ne to ase obſervedꝭ them in a very great degree 
: forhe: was obliged to hold his-ear near the globe to peretmve the | 
| the electrie fire; and he compares the light © 
i ord nog ring mee: to 1 N en 


nd: ebend a property of the electrie fluid that 
has n not been ere within theſe late years; viz. that bo- 


are heres ate themſelves cle@tified, 
and With an cd en, oppoſite to that of the atmeſphere. 
Threads ſuſpended within a ſmall diſtanee of bis excited glsbe, 
he obſerved to be often repelled by his finger brought near them, 
and that a feather repelled by the globe always turned the ſame 
face towards it, like che moon with reſpect to tlie earth,” This 
laſt experiment ſeems to have been wholly” overlooked by later 


electrieians, though it is a a very curious one, G be made 
den med — W 458 | 
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mal oil coagulated with a mineral acid, he w; 
— that amber, „which he ſuppoſed to de a mi- | 
wenden coagulated with a ern volatile on d vn de 2. 
natural, phoſ ) rus; and with this VI 
nts upon it, the reſult of Which, being ver 2 | nd 
ſurpriſing, it will be moſt agreeable to . el 
very Fance gp - ld ö 1 152 o | 
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ugs were heard; — prod: 
An flaſh et light; but when che amber was drawn ge 

Ane abel through the cloth, it produced only a lig but no 
crack 825 but by holding ones finger e e from 


ever e wich a puſh OTA puff, 1 | © : ne 
4 ig full as lou ad 4s charcodl-on-re, and five ar, re 


— greater, bec cauſe I never a. ound any 5 0 


from the head of my cane, though it is a pretty large one. 
805 er and e in ſome cdegrens. to xeptaſent 
% thund da ane e i muga digineng © 
AFTER reciting; this e. b e ese 

- that allaind moſt bodies, whi h have electricity, give light, and 
: Waun! is the ligbt which auſe of their being electrical. 
He found that light could ald he: nd by rubbing jet, ed : 
ſealing wax, made with gum lac and cinnabar, and the diamond. 
pf He even n imagined he _ a true from falle diamguds 
by this is teſt. 16; zeig auen a tidy... C045 bis) 
un Mw Dr. Wall mi 
as be imagined (for he ſeems not to ave ſeen What Otto Guericke 
had written) of light proceeding from ee and ocher cleric: 
wien, we ke. that he laboured under a great deal of.confufic 
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Franklin, in a much later 5 n 
0 5 great Sir Iſaae Nev 
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there; and then leaping up ind down again; and this ſometirhes 
in lines ſeemingly perpendicular to the table, ſometimes: in 
blique ones; ſometimes alſo leaping up in one arch and leaping 
down in another, divers times together, without ſenſibly roſting 
between; ſometimes ſkipping in a bow from one part of the glaſs 
to another, without touching the table, and ſometimes hanging 
by Connery and turning often very nimbly, as if they had been 
ried about in the midſt 6f a Whirlwind, and being otherwiſe 
rah en, r e wich a difforont motion- Upon 
his ſliding his finger on che pper fide of ihs glafw, wege 
neither the glaſs, nor * incloſed air below, were moved, yet 
he obſerved, that the papers, as they hung under the glaſs, 
would receive ſome new motion, inclining this way or that, 
according as he moved his fins ö 115 
SOME of the motions, as that of W by a corner and 
twirling about, and has of leaping from one part of the glaſs to 
another without touching the l happened but ſeldom ; but, 


he ſays, it made him take the more notice of them.* 


Ax account of this e: experiment Sir Iſaac ſent to the members. 
of the R. Society in the year pron defiring it might be tried by 
tacks and after ſome ineffectual attempts, and receiving further 
inſtructions, how to make it, they at length ſucceeded, and the 
thanks et the ſociety were formally returned to him. 
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F TER Gilbert, Mr. Boyle, and Otto eke, Mr. Haw- 
keſbe , who wrote in _ Hain 1709, diſtinguiſned himſelf 
| eu pere e s He firſt obſerve ie 
. — ectrical attracti 1 | 
defatigable in making experiments, and there are few 
whom we are mo ä me „ 
count of his a 
he has publiſhed Ie bar accord 
method 1 have choſen as beſt adapt p ig 5 e the n [i wad: = 
idpe SHALL rt 0 
trical attraction and repulſion, i in many c of whos we. ſhall f ; 
ſon to re his ingenious contrivances, and ſhall ſee that little 
was added to his obſervations, till the. capital diſcouery of a plus 
and minus electrieity by Dr. Watſon: and Dr. Franklin, and the 
farther illuſtration of that doctrine by Mr. Canton. | 
Tux moſt curious of his experiments concerning electricalat- 
traction and repulſion are thoſe Wh ich ſhew. the direction 1 in which. f 
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| Gingertheldonthe oppaite fde aß the glaſt, onen withopt:touch- 
5 1 the glaſs; though they would ſometimes ſuddenly j ump to- 
awards it. “ He obſerved - that by blowin g with his 
: 1 mouth towards the glaſs, at three. or we feet. diſtance, the 

7 threads would have a very confiderable.. ion ta them. 
WE W han; in an unexcited globe, 
at reſt, would be moved by the approach of any excited electric 
WW | at a conſiderable: diſtance,” except; in moiſt weather; which 
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= cub it wens be yz" dare un nee and 
1 ſtrong, if the exhauſted globe was kept in moti- 
on. Preſenting an exhauſted tube to the effluvia of an excited 
* obe, it produced what he calls an interrupted flaſhing light. 
He imagined that the exhauſted globe was excited by the attrac- 
tion of the effluvia from the other globe, ſo little did he under- 
ſtand the true cauſe of this eurious experiment.# When he ſays 
that light is. producible by the effluvia of one glaſs falling upom 
another,” he adds; that electric, (by which he means: at- 
tr C _ ace 18 not E e _ 1185 Melee rex. 5 
8 rae, M ted no anca@tive power, nor be a beiten. 
Wards, but only inwards; 1 
- He found that when the Fidtion was performed in vacuo, the 
electtieity (thats E 
the attruchive quality required the p 
and internal air, im order to its 1ewi f, 
requires the preſenee of only one of ' them: in onder to its ap- 
pearance; for that either a glaſs globe full of air rubbed is varus, = 
or with its air exheuſted and rubbed in Plano, would rroduce: 
very conſiderable light.? | ect 
Fx fays alſo, chat thoſe ub are te ſengbly del by't the 
returm of air, Which a ttrition of exhauſted 
| glaſs in pleno, than thoſe Wich dre femme, by the attrition 
of glaſs full of air in vacuo, bor that,” in the former calc, be 
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"and bing hanged; pas an he ſs it in mo- 
tion; when; applying his hand to excite it, he ſa the ſhape 
and figure: of all. the parts of his hand diſtinctly and perfe&ly, 
the concave ſaperficies'of the wax within. It was as if there 
eee pure glaſs, and no wax interpoſed between his 
. = Tha Hains oy Mas: where, it der the 
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2 ee be obſerved, that when the air was let into 
the every part of it; the lined part and the unlined; ſeem- 
ed to attract with equal vigour.+' Melted flowers of ſulphur. had 
no ſuch effect, but comm bebe anſwered as well as _ 
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ast a glaſs veſſel," pred on a mens ep! end Ct in the pes 
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perſuaded to publiſh them 1 in the hoon ern Tra aſactions for | 
the year 1739. 
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poſitions. 1ſt. That bodies made electrical, by communication 
with an excited electric, are in a ſtate of repulſion with reſpect 
to ſuch excited bodies. 2dly. That two, or more bodies, made 
eleckrical by communicating with an excited electric, are in a 
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of filks to reſemble a bundle of muſcular fibres. W , 
5 
5 ſiti on, he obſerves, chat * 
5 lainly than any othet known: experiment, a ; 
| reaſon for the diſſolution of bodies in menſtrua; viz. that the ö 
e of the ſolvend, Having imbibed particles of the menſtrua, ö 
ſo as to be ſaturated with them, the ſaturated particles | 
OW repulfive of.one another, ſeparate, 012807 
; en. Tran abridged, Vol, 8, p. 1. f l. 5. . 
5 | F461 £4 | % ene 10 33 5 1 . . - ; 
5 l 71 16G I vhs eie l 4 : 
| | s PERIOD 
3 „ 
. 1 1 


7 
. 
5 
* 
* 
2 
5 
x 
wy 
x 
8 
A 
wy 
Fe 
5 
* 
5 
1 
f * 
| ; 
EF 
: 
: 5 
| 
0 
. 


Hh 


/ OP 485 FR 


ROTO Wen Gti gail baaghorg grad 5 


Rn 


ola On 3 171 a o 1b, my lab — fi nern 


LH 03 bo3evinuompagy * O. eZdiniga NL JON H 


2 


en 
OD 03 1. 5 au eb ria 

2 a. % 1 SER | 76 | J | 

REI „ VE ven | en Nin. GREY's 
2msl och lag NJ bb 60108 Lobo def 263 33d - 
toznoimls 203 03 yienoo lace AGE, Zuivil 0 33 115 FW 


aq 


CH 2. N. 1 


Ul- E. ub © OW TY ths bs f Sans pte en 
TY L ſatis ton, 5 his ng 

ed by 1 3 ju icious a 75 ilofophe 5 NE Du Faye? h 
ict pes, Had made Feral n of kis own, pi par 
Lat tha ieee Juciferous Nh — 15 balls it; Which, put 
Him up on making the experiments which follow; and which were 
made in ths mont 18 © * July. a and Auf guſt 17 PR. 9X3 al gi 
"As Mr. D Du Fay, e had Haid, that. he adppitigs and the ſpatks, 
the had Wehe. were firopgly excited. | by A mn of metal; 
preſented to the perſon ſuſpended a on lk lines; Mr. Grey con- 
cluded, that if the perſon and the metal mould change places, the 
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OF "Ms. GR RF. 


| 8 
10 — very ſume with that of elec- 


ugh Mr. Grey miglit poſſibly mention hug er an 


rr by _ of mn ane od Wii 


y Zrey, repeating the expe- 
nents che ors wick e ones, found all the effects 


much weaker ; as it is now well known muſt 
have been the caſe; wood being ſo imperfect a conductor, and 
diture it contains. RIS gglg 911146444 ** 


Ax the ſame time; he relates, that e the electrifi * 
of water, he found, that the phenomena before mentioned were 


produced, not only by holding the tube hear the water, but when 


it was removed, and the finger afterwards brought near it. 
Max the 6th. of the ſame year, he again ſuſpended a boy on 


ilk, and found that this boy was able to communicate the elec- 


tric fire, firſt to one, and a to ſevera 
electric bodies. E riot 33 * 15 #3 2111 Son TH 
- Ms; GREY ſeems ſtil 88 antagingd, that- deity de- 


enk n . 


nutes; on ſcarlet lines, twenty five mib nes and on orange co- 
loured lines, twenty one minutes. By theſe. experiments, he 
icity on bodies ſuſ pendediupen 


Bur the greateſt deception which this ingenious gentleman 


nde to have lain under, was occaſioned by the experiments 


which he made with 


Ils of iron, to obſerve the revolution 


of light bodies about them. The paragraph relating to, theſe 


experiments, being the lan Which Ma, Hoa wrote, I half an 
it at length as a curioſity. 


I 1 I HAvE 


N 


2 


„ 1 TL" 


en DISCOVERIES uur 


3971 Wen katy made, ſays hne, Wpenabt ne 
gare es pins de enn 


which they move, ſo as to mak. 


« that the planets move about. 
3 — weſt to eaſt. But theſe little planets, if 


„ — rr not time to e 
e nad made in them he revealed, on 


the day before his death, to Dr. Mortimer, then fecretary to 
the Royal Society. He ud they ſtruck him with new ſurpriſe 
every time he repea 
ſpare Os life 4 little longer, he ſhould, from what theſe pheno- 
mens eee out. bring his electrical experiments to the great- | 


ted them, and hoped that, if God would 


He did not doubt but, in a ſhort time, uld 


dell as 5 the world with a new fort of planetatium, 
never before thought of; and that, from theſe experiments, 


might be eſtabliſhed a certain theory, to account for the motions 


of the grand planetarium of the univerſe.” "Theſe experiments; 
fallacious as they are, deſerve to be briefly recited; together v with 


thoſe which were made in conſequenee of them after Mr. Grey's 
death. I ſhall relate them in Mr. Grey's own words, as Gey 
were delivered to Dr. Mortimer, on his death bebt. 


sss 
* pendulous motion f inal bodies by 
( electricity; by which ſmall bodies may be made to W 


e bout larger ones, either in circles, or in elli pſes; and thbſe 
3 nnn or ecoentrie to the center of the larger body, 


p * many revolutions a- 
« bout them. And this motion will conſtantly be the ſame way 
at the fun, viz. from the eee 


; een perten eee eee i 
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CEO Ed I EOS 


asd a half in dĩatneter, on: the middle of a circular cake-of tofin, 


held hh the hand over 6400 center ut tle bis will, of itſelf, 


enter of the circular cake, it will deſcribe an ellipſe; - which will 


59 
an inch, or an inch 


| Peron! V. OF Mx. 8 73 R E V. T 
en A dial ö be; ſaid he, 


nn eight inches in ane ng excited; and then a 
inches long, 


begin to move in 4 cirele round the iron globe, and conſtantly 
from weſt to eaſt. If the globe be placed at any diſtance from the 


have the ſame wn, as the CI of che ee ex = 


Center of the cake. Niemand 


Ir the cake of ln PR abi an elliptiesl ane den . Won 


Slobe be pap in the center of it, the light body will deſcribe 
an e e it 


of the n n ecm _ * 


Ir SAP iron lobe be placed in, n near, one 3 the bel of tis 


elliptical cake, che light body will move moch ſwifter in the | 


poser than in the perigee of its orbit. 
Is the iron globe be fixed on a pedeſtal; an [inch 5: Gries the 
table, and a glaſs hoop, or a portion of a hollow glaſs .cylinder, 


excited, be placed round it; the light body will move as in the 


circumſtances mentioned above, and with the ſame varieties. 
H faid,: moreover, that the light body would make the ſame 


revolutions, only ſmaller, round the iron globe placed on the 


bare table, without any electrical body to ſupport it; but he 


acknowledged he had not found the experiment ſueceed, if 
the thread was ſupported by anything | but a human hand; though, 


he fancied, it would have ſucceeded, if it had been ſupported 


by any animal ſubſtance, living or dead. Ex 


MR. GREY went on to recite to Dr. Mortimer 0 experi- 


* Phil. Tranſ. ** Vol. 8. p. 404, 405. 
12 | ments 
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1 all orb 


ers, in the ſame, and ſtill but newly opened 


_ _ ae Let not EH webe 


ler — to din the. ne bf. his difoore | 


5 


preſence of others. In experiments af great delicacy, a ſtrong 


imagination will have yy influence even upon the external 
frequent en in * . | 


ſenſes; of which we 1 _ we 
of this hiſtory. n ad de 55 26 30 

Dx. MoxrIurR himſelf 0 . been detained: by theſe 
experiments of Mr. Grey. He ſays, that, in trying them after 
bis death, he found, that the light body would make revoluti- 
ons round bodies of various ſhapes and ſubſtances, as well ' as 
round the iron globe; and that he had actually tried the experi- 


ment, with a globe of black n a flver ent a ſmall 


chip box, and a large cork. x 


Tusk experiments of Mr. * were tries by Me. Wheeler, 
and other gentlemen, at the Royal Society's houſe, and with a 
great variety of circur 
from what they at that time obſerved... Mr. Wheeler himſelf 
took a great deal of pains to verify them, with various ſucceſs ; 
and at laſt he give it as his opinion, that a, deſire te. produce the 


the pendulqus body te. move in that direction, by means of ſome 
improſien 4 from Mr. Grey s hand, as well as his el 3. ven 


FAY ® Phil. Tranf abridged, Vol. 8. p-. os. 
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ments ſtill more fallacious;. which, out of regard to his memory: 
ar to quote. Let the chimeras of this great electri- 
ciĩan teach his follo 


feld of philoſophy, a proper degree of caution in their reaſon- 
10) YC . ; ae þ 


till / they have been perfectly aſcertained, ' and performed in 1 


ſtances ; but no concluſion could be drawn 


n from weſt, to eaſt. was the ſecret cauſe, that determined 


he 
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he was; at the ſame time, perſuaded, that he was not ſenſible 
of giving any motion to his hand himſelf. * | 
Mx. Du Favs, in the memoirs of the academy of ſciences 
for the year 1737, acknowledges that theſe experiments of Mr. 
Grey and Mr. Mortimer did not ſucceed with him. But fays, 


they were the only ones of Mr. Grey that had not; and, with a 
temper becoming a philoſopher, adds, that he doth not, there- 
fore, ſay, that they never had ſucceeded ; but ſeems rather wil- 
ling to attribute the failure with himſelf, to his omitting ſome | 
circumſtance, not mentioned by thoſe gentlemen, though, un- 
wh to ang =t en, be of N Nr pr to * ex- 


— 


l Trang abridged, Vol. 8. p. 4. 1 Geſchichte, Vol. 1. p. . 
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VVV rimental philoſopher, Dr. Drsaeurizks, in this new 
| feld of ſcience. The reaſon which he gives why he had avoided 


entertaining the Royal Society upon this ſubje& before, and why 
he had not purſued it ſo far as he might have done; conſidering, 
as he ſays, that he could excite as ſtrong an electricity in glaſs, 
by rubbing with his hand, as any body could, is worth mention- 
Ing for its curioſity, and for the light that it throws upon the 


temper and manner of Mr. Grey. He ſays, that he was unwil- 


ling to interfere with the late Mr. Stephen Grey, who had 


wholly turned his thoughts to electricity; but was of a temper 
to give it entirely over, if he imagined that any ere Was Sons 


in oppoſition to him. * 
Dx. DesacuLirrs begins with obfavies very ſenſibly (and 


the obſervation is ſill true) that the phenomena of electricity 


are ſo odd, that, though we have a great many experiments upon 
that ſubject, we have not yet been able, from their compariſon, 


to ſettle ſuch a theory as will lead us to the cauſe of that proper- 
ty in bodies, or even to judge of all its effects, or find out what 


uſeful influence electricity has in nature; enen certainly, from 
© Phil. Tranf, abridged, Vol. 8. P- 419. 


— 4 
5 25 * 1 
8 2 as & | . 


9. 
* #60 4 LY 
* 
2 
17 * * — 
* 


; TE are now come eto! — tha indefutgable axpe- g 


what 


* 
N58 
* 

£ 

: 
* 
* 

2 
8 
: * 
2; 
% 
S 

& 

4 

* 

5 
bo 

0 

2 
2 
= 
15 
* 
9 
2 

8 

w_— 
2 — 
oo 
7 
2 
: 
5 
* 
2 
. 

5 

86 

bes 

5 
FL 
Y 
* 
| hs 
* 


8 - « Wy Is 7 2 . TC . 8 3 
5 4 3s 2 * hs Ro A | ws TESTS AST Sa Bet Ebay 5 : 
a < Bo 2 -— ED} NOTE Me: LAOS 2 ee OE LES att Fade hy "heb bats p * * 
„„ o * 


= * 
. Is 


Penroo/VI. or Di,” DESAGULAERS.) 63 


what we have ſeen of it: we may conjecure that it muſt be of 
great uſe, becauſe it is © extenſive.) , 

. His firſt» experiments,” of which an account i is n in als 
Philoſophical Tranſactions, dated July, 1739, were made with 
a hempen ſtring, extended upon cat-gut. To the end of the 


hempen ſtring, he ſuſpended various ſubſtances ; and ſays, that 


all thoſe which he tried, amongſt which were ſeveral electrics per 


fe, as Aren, e &c. en nnn, received electri- 
See 

He add 6 one ; of chant 1 on : which his hempen 
line of communication was extended, and put various other 
ſubſtances in its place, to try what bodies would tranſmit elec- 
tricity to the ſuſpended body, and what would not; and from 
the reſult of his experiments, partly concluded, that bodies in 
which electricity could not be excited intercepted the electric 
effluvia ; and that thoſe in which electricity could be excited, 
did not intercept it, but permitted it to go on to the extremity 
of the hempen ſtring. But ſtill he had no juſt idea, that, except 


metals, it was the moiſture in the bodies he tried which inter- 
cepted the electric effluvia; and his ideas of he aner in, 


they were intercepted were very imperfect. 0 
To Dr. Deſaguliers we are indebted for Sona W terms 
which have been extremely uſeful to all electricians to this day, 


bably remain in uſe as long as the ſubject is 
ſtudied. He firſt applied the term conductar to that body to 
which the excited tube conveys its electricity; ; which term 3 
ſince been extended to all bodies that are capable of receiving 
that virtue. And he calls thoſe bodies in which Lei dar . 
de excited by heating or rubbing electrics per ſe. | 


SO nl. Tranf, abridged, Vol. 8. p. 420: 


EN: | I _— 


we find many — 


to  eleQrical experiments, ſome of which — mme 
clear, and diſtinct manner chan they had been be 
real improvements Want he mad 15 © ede and mee. 
5 [cis Gehl acid; 18 kd ee ta ar!) 
the Royal Society, in the month of 7 17, he! ays donn. 
among others, the following general rules, which ſeem to be 
more accurate than ww, N had ana delivered 8 mech u _ 
be. „Ax Klectrie per ſe will a not de — r om Aa 
Ko GN Ing ſe, in which it b as been excited, ſo as to run along 


its whole length: but will wy receive it a beep way, 1 


Lu it were. ſaturated with it. oy” 
5 ectric per fe will We höte al 1 its lei at in A b 
44 gin the electricity of thoſe parts near which a non- electri 
„ has been brought. It, conſequently, loſes: its ele 
„ ſooner, the more of thoſe bodies are near it. Thus, in moiſt 
55 weather, the excited tube holds its virtue u 
i hecauſe it acts upon the moiſt vapours which float in the air. 
«« And if the excited tube be applied to leaf Sold laid upon a 
« ſtand, it will act upon it much longer, and more ſtrongly, 
«© than if the ſame quantity of leaf gold be laid u upon à table, 
. «« which has more. non- electric ſurface than the ſtand. 9 ＋ This, 


De 


9 * 
1 „ 1 


however, ſeems not to be the whole reaſon; for if the leaf gold 


were laid upon a broad ſurface of glaſs, it would not be acted up- 
on ſo powerfully ; as if 1 it were W yon” Aa eee "ſand or 
any kind of matter.. 

« A NON-ELEOTRIC, * it has received 4 edi dete it 


re; but the | 


r city the 


t a little While, 


5 n 


4 al] 


* =y w , 
i 
5 
8 
5 
75 
: 
8 
£ 
1 
* 
2 
25 
A 
5 
15 
2 
> 
5 
by 
i < £ 
5 
"2h 
— 
25 
Be 
© 
by 
5 
af 
2 
* 
; 
oy 
wh 
25 


* 
3257 IO CRT Seer ory EEE a 


2 
A 
tp 
7 
: 
= 
3 : 
* 
5 
L 2 
F 
We 
% 
5 3 

95 
2 
5 
1 
; 
| : 
4 * 
2 
N 
7 
EC 
1 


Beitov'vi, OF Du. - DESAGULIERS, 7 
all at- once, upon the approach of another 


electric was not inſulated, but had a communication with the 
earth. It muſt alfo be brought into o contact with the HA 


communication, were moiſtened by blowing Brough? it, it t would 


att 


er ne T alen ne. * 
only be the cafe when the approa ching 


This however could 


yo 1 
< Abit cublances are | non-eleQtics by reaſon or the f flvids 


0 * they eontain. * 


% Excited dlearicity exerts itſelf in a « fohere round the elet · 
40 « tric per ſe, « or rather i in a nary if the body be eur 
FI cal. 3” * 


Fw of the many experiments which were made by Dt. De- 


Reales (accounts of which were publiſhed i in the Philoſophicat 


Tranſactions) had, as I obſerved before, any thing new in them, 
Thoſe which were the moſt ſo are the following. 


EnDEAvourING to communicate electricity to a burning tal 


8 candle, he obſerved, that the candle attracted the thread of 


trial, but not within two or three inches of the flame; but that, 
as ſoon as the candle was blown out, the thread was attracted by 
every part of i it, and even by the wick, when the fire was quite 
extinguiſhed. . He electrified a wax candle in the ſame manner, 


and the experiment ſucceeded as well, only the electricity came 


not ft near the flame i in the wax, as in the tallow candle. 


He ſays, that only warming a glaſs receiver, without any rub- | 
bing, would cauſe the threads of a down feather, tied to an up- 
right ſkewerto extend themſelves, as ſoon as it was put over the 


feather ; and that ſometimes rofin and wax would exert their 
g electricity by being only expoſed to the open air. 


FH x obſerved that if a hollow glafs tube, ſupporting the line of 


eee the electricity. 


„Phil. Tranſ. abfidged, Vol. 8. p. 449. + Ib. p. 431. 
. K 1 


| 66 5 : Ws + A * EXPE RIM EN 130. | N. abril, 


fs 8 chat when an excited tube e a feather, it 
: will attract it again, after being faddenly dipped into, water, but 
in fair weather it will not attract it unleſs it hath been dipt pret- £ 
ty deep into the water, a foot of its length at leaſt; e in 
moiſt weather, an inch or two will ſuffice. * E | CONE 
HI ſhewed the attraction of water by an excited tube, in in a 3 


ter manner than it had been ſhewn before, viz. by bringing the 
tube to a ſtream iſſuing from a condenſing, fountain z n which, 1 
thereupon, was evidently bent towards it. | 8 
Dx. DEeSAGULIERs ſeems to have been the firſt who exprelſlx 
ſaid, that pure air might be ranked amongſt electrics per ſe, 
and that cold air in froſty weather, when. vapours riſe leaſt of 
all, is preferable, for electrical purpoſes, to warm air in ſummer, 
when the heat raiſes the vapours. + He alſo ſuppoſed. that the 
electricity of the air was of the vitreous kind; and he accounted 
for the electricity appearing on the inſide only of an exhauſted ; 
glaſs veſſel, by its going where it met with the leaſt reſiſtance 
from ſo electrical a body as the air. iq th | 
Hz endeavoured to account for the fixing of air by the ſteams 
of ſulphur, according to the experiment of Dr. Hales; by ſup- 
poſing that the particles of ſulphur, and thoſe of air, being poſ- 
feſſed of different kinds of electricity, attracted one anotlier, 
whereby their repulſive power was deſtroyed: He alſo propoſed. 
the following conjecture concerning the riſe of vapour. The air- 
at the ſurface of water being electrical, particles of water, he 
- thought, jumped to it, then, becoming themſelves electrical, 
they repelled both- the air and one another, and conſequently | 
aſcended into the higher regions of the atmoſphere. ||' 


T HE haſt paper of Dr. Deſagulibey 1 in the Philoſophical Tran- 
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ſactions, upon the ſubject of electricity is dated, June 24th. 
1742, in which year he publiſhed a diſſertation on electricity, 


by which he gained the prize of the academy at Bourdeaux. 
This prize was a medal of the value of 300 livres, propoſed, at 
the requeſt of Monſieur Harpez de la Force, for the beſt eſſay on 


electricity, and ſhews how much this ſubject engaged the atten- 


Kenedy drawn up, ad compriſes all that was known of the ſab. 
ject till that time. 


* Geſchichte, Vol, 1. p. 261. 
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Exmrnminars or THE » GERMANE, AND or Div WATSON, 


ran . 


BOUT the time that Dr. Deſaguliers had concluded his 
experiments in England, viz. 1742,. ſeveral ingenious. 
Germans began to apply themſelves to the ſame ſtudies with 


great aſſiduity, and their labours were crowned with. conſiderable. 
ſucceſs. 


To the Germans we are indebted for many capital improve 


ments in our electrical apparatus within this period, without 
which, the buſineſs would have gone on very ſlowly. and heavily ;. 


but, by the help of their contrivances, we ſhall ſee aſtoniſhing, 


effects were ſoon produced. 


Ms. Bozr, a profeſſor of philoſophy at Wittemburgli, ſub=-- 
ſtituted the globe for the tube, which had been. uſed. ever fince 
the time of Hawkeſbee. * He likewiſe added a prime conductor, 
vhich conſiſted of a tube of iron or tin, at firſt ſupported by a 


man ſtanding upon cakes of roſin, and afterwards enen on 
* Oy" before © Ms on. + 


SS © 


s & pccenting to her accounts, Chriſtian 3 Hauſen, profeſſor of mathematics at: 


Eeipſic, was the firſt who revived the uſe of Hawkeſbee's glaſs globe, and Mr. Boze, 


who was excited to make: experiments in eleQuicity by the example of Mr. Hauſen, borrow- 


ed this capital impaonement from. hin. Geſchichte, Vol. 1. P. 278, 279. : 
| + Hiſtoire de Vele&ricite, p. 27; | 
— To 
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To prevent the tube from doing any harm to the globe, he 
yur a bee Bee, into the end which was next to it, and 
chat purpoſe. This expedient,” beſides 
cocatidniog various pleaſe! phenomena, was obſerved to unh 
the force of the conductor much ſtronger. * 


Tux uſe of the globe was — doperd: th the univer- 


ſity of Leipſie, where Mr. Winekler, che profeſſor of languages, 


ſubſtituted a ' cuſhion inſtead of the hand, which had before been 


employed to excite the globe. But the beſt rubber for the globe, 


as well as the tube, was, long after this, ſtill thought, by all 
electricians, to > be the human Ti, 3 and ene from moife 
thre: + 0 FOOT. DEC) 2 | 
Mx. P. GorDon, a « Sebteb k Benechcine AY! ai profeſſor 
of Philoſophy atErford, was the firſt who: uſed a cylinder inſtead 
of a globe. His cylinders were eight inches long, and four 
inches in diameter. They were made to turn with a bow, and 
the whole inſtrument was portable. Inſtead of a cake of roſin, 
he infoluted: yy means of a e furniſhed with net- work of | 


fk. f 


Tur apparatus, likewiſe, of many of die een clericians 
was very various, and expenſive. Mr. Winckler, in a paper 
read at the Royal Society, March 21ſt 1745, || deſcribes a ma-- 
chine for rubbing tubes, and another for rubbing globes, and 
compares the effects of them both. He-obſerves, that the ſparks- 


_ which are produced: from glaſs veſſels drawn to and fro were 
larger, and mere vehemently- pungent; provided that thoſe 


veſiels were of the ſame magnitude with the globes; but that : 
the flux of effluvia was not ſo conſtant as from the globes. Mr. 
Winckler alſo invented a machine, which he deſcribes at large 


n ne W Vol. 10. p. 2710 * 1 Ib. x p 272. 1 ae . 5. * 
N 1 Phil. Tranſ. * Vol. 10. p- 73" th 11814 _ 1 
* 5 
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in his picks; — ofi vbhich he could I give his globe ſix 
hundred and eighty turns in a minute. * This gentleman like- 
w_ contrived to rub. glaſs,. _—_ china ella, yn inſide 3 ad 


ee as h © ee were dee hs. outiide, + 2 
Tarn German electricians zenerally uſed. r + rg one 
imagined. they found the effects, proportionable, 
a e fact Was called in queſtion by Dr. Watſon, and 
others; and Mr. Nollet preferred globes made blue with zaffre, 

E were carefully ons .and e * De: nn . 
: Sven a 3 ANON 3 dectwiclty _ this excite # ih 
theſe was whirled by a large wheel, and rubbed with wool- 
a, or a dry hand (for we find both theſe methods were in 

= among them about this time).that,, if we may credit; their, 
own accounts, the blood could be drawn from the finger by an 
15 electric ſpark; the ſkin; wi uld burſt, and a wound appear, as if 
made by a cauſtic. They ſay, that if ſeveral globes or tubes 
were uſed, the motion of the es and arteries of the electrified 
| n, would be yer ſenſibly increaſed: and that, if a vein were 
h der the operation, the blood, iſſuing, from it, would 
appear like lucid Phoſphorus, and run out faſter than when the 
man v was not electrified. Analogous to this laſt experiment, 
Mr. Gordon obſerved, that water, running from an artificial 
fountain electrified, was ſcattered in luminous drops, that a 
larger quantity of water was thrown out in a given time ne than 
hen the fountain was not elearified..| And that elefrified, 
vaporated faſter than water not eleQrified, vhen expoſed: 

ilar glaſs veſſels. $. Part of this account we know might 


- Hilwe,p 32, f Geſchichte, Vol. 1. p. 400. f Phil. Tranſt abridged, Vol: 10. K. 257. 
Bu Phil, Tranſ. acide» Vol. 40. p. 257 5 Geſchichte, Vol. 2. p. 357 R 
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be true; but ſome part myſt. have been exaggerated. It is cer- 
tain that Mr. Gordon increaſed the electric ſparks to ſuch; a de- 
| grees that they, were felt from a man's head to his foot, ſo that 
a perſon could hardly take them without falling down with gid- 
dineſs,* and ſmall birds were killed by them. + This he effect 
ed. by,; conveying. electricity, with iron wires, to the diſtance of 
200 ells from the place of excitation. He alſo found that the | 
ſparks were, ret when the wire was chick han when, it was: 
ſmall. +8. . * 
Mx. . whe his glas tubes act ſtronger hs Cork Sw 
with a waxed: cloth and a little oil. He alſo found, that glaſs: 
made with very little pot aſh, acted much better than that in 
the compoſition, of which much of it was uſed; but it required 
longer time, and more heat to r it. He got forme glaſs mage 
on purpoſe to aſcertain the fact.“ 
_ By various experiments of Lan and repulſion,.. hah Me. 
laitz made in rubbing, a dog (which he had made thoroughly 
dry for that purpoſe) he | es that the-flaſhes of light, which 
ſometimes appear when animals are ſtroked, are electrical. This 
had been ſuppoſed, but was not accurately aſcertained before. 9 
It was this gentleman who gained the prize of 50 ducats, pro- 
poſed, in the year 1744, by the academy of. ſciences at Berlin, 
for the beſt. difſertation on. the ſubject of electricity. It was pub- 
liſhed along with three others, which were offered at. tho ſame 
tun. and thought. worthy of that honour * 
Tux thing that ftrikes, us moſt in their 3 erform- 
ea by theſe machines, is. their ſetting fire to inflammable ſubſtan- 
This they were, probably,. led to attempt, from ene 


35 „ Geſchichte, Vol. 2. Pp. 358. | J. Noller's Recherches, p- 172. wart 
 IiGeſchichte, Vol. + þ 355. U Ib. p. 381. FIb. p. 385. Ib. p 380. 


1 — ; * E $ 7 4 * * f * y 
i |; oy & 6 - . 5 5 4 
: 3 
> 2 N * * 


bore ' to phoſphor and common 


. 2 HQ: 2 


| of r Bet, we 8 the weng at this year 77711 E. ks kindled, = 
with ſparks excited by the friction of a glaſs tube, the etherial 
fpirits of Frobenius. This he did at the opening of the Royal 
e e and in the preſence of ſome hundreds of perſons. He 
performed the experiment by electric ſparks proceeding from an 
5rd Gor. John Henry Winckler, Greek and Latin profeſ- 
at Leipfick, did the fame in the May following, by a ſpark 
n his own finger; and kindled, not only the highly recti- 
fied ſpirit above-mentiond, but French brandy, corn kpirits, and 
other | pirits ſtill weaker, by previouſly heating them. He alſo 
ſays, at oil. pitch, and ſealing wax might be lighted by elec- 
tric ſparks, provided thoſe ſabſtances were firſt heated to a de- 
gree next to kindling. To theſe it muſt be added, that Mr. 
Gralath fired the ſmoke of a candle juſt blown out, and lighted 
| it again; + and that Mr. Boze fired Tanker, mmm * in bo 
an, and firſt the vapour that roſe from it. ee 
Tur German electricians, likewiſe, e's akon 
3 by which they could give friction to a glaſs cylinder in vacuo. 
By theſe means they eontrived to electrify a wire which termina- 
ted in che open air, and there ſhewed a conſiderable electrie pow- 
et. They alſo electrified that end Which was in the open air, and 
made the other end'which was in vacuo exert its electricity. $ 
Tu fame Germans alſo mention an experiment, which, if 


pure, a DAN Jed an to wien ns ths ie e of f the 


; 2 ; Phil Tant. Ä Vol. 10. p. 275. 
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a nee oduce 1 matter 
But that was 4 diſebvery reſerved} as we ſhall find, for Drc 
Watſon. : It feems that both Mr. Boze and Mr. Allamand nud 
ſuſpended the machine, and the man who worked it, upbn ſilk; 
Ne that; not only the conductor, but alſb the man, 
and the machine gave! ſighs of electricity; though they did not 
attend 8 to all the-circamſtdhees of that curious fact, 
which did ara cn arg For, imagining 
8 power was continually going off to the 
ground by the machin , they ſuppoſed * nnen 
wou 1d have been 4 ſtronger electricity. 9979 ener 

5 In period it was e ee : 
| rrated;/that the luminous/barometer/is made perfectly electrical by 
| the motion af the quickſilver; - firſt attracting and then repelling 
bits of paper, &c.. ſuſpended: by, the ſide of the tube, when: it. 
encloſed-in another out of Which the, air was; extracted. 4 
Before ais experiment; thoſe effects had been aſcribed to the 
air. 4 Profeſſor Hamberger and Mr. Waitz had diſcovered that 
the motion of quickſilyer in a glaſs veſſel, out of which the air 
was extracted, bad the. power of moving light bodies and Mr. 
Allamand likewiſe found. that it rade daes en the 
= veſſel. had. air in it ot not. A Rocco gat, SOLE 
_ 22 ABonTt:the dame time alſo, Mr. Bose oak 1 a [oat des 
to determine, whether the weight of bodies eee 
by electricity. but he could not fmd that itte, non ane L 
Tux glecttieal ar, made by turning ſwiftly aund an elec! 
tified: piece of tin, cut with points equidiſtant from the center; 
and alſo the electrical bells, wbich will be deſcribed hereafter 


© Vilas Kday, preface, p. 2 Watſon's Sequel, p. 34 + Geſchichte, Vol. 3/P- 495- 
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ig nyention. *. - The hab was 8 
3 Mr. Gerd on; G tur vary the points a little 
aobliquelg, be was furpriſed to find it began to move of itſelf. 
Laſtly, to theſe it may he added, that Mr. Winckler contrived = 
a heel to move by electricitys that Mri Bone conveyed olectri- 
city from one man to another by a jet of water, hen they! were 
boch placed upon cakes of reſin, at the: diſtanee: of 5 e 
| _ that besen wen eren fired ſpirits hy a jet of Water. T 
Mx. Gottfried Grummiert, af Biala in Pdlond} made 
a curious experiment upon — light, which as we ſhall ſec, 
fterwards ir en erer eee ee e Dr. Wat 
Canton. In or de 10 ine ug WED ene enn 


of an inchi wide, de the dearified donducto ſurpri 
find the Tight dart ve ry vividly” the whole length of the tbe. 5 
alſo obſerved, that, ſometime after the tube had been preſented 
tothe conductor, and expoſed to nothing but the air, it gave 
ligtit again, without being brought to any electrifed body. 
This light in xacts Mr. Grummert propoſed te make uſe of in 
mines and places, where common fires, and other lights cannot 
be had, and for this purpoſe + ow" WO” ſeveral: methode of 
| innatiagUibaighth0 1 e e e beten 
I 88ALL conclude this e chk iRoviaed Jof PR tins; 
Philoſophers in this' period wich a vefy curious ons ef profeſſor 
Kruger, concerning the change made in che ebleur of bodies 
by: the eled as In order to try, whether thee was any 


„e Neher, se- p. 4. sit Vol. . EEG. 
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thing 


thing f 0 in thets! effluvia! erbte ae 204 lee of 
wild peppieb to che electric ſpark; and found that they were pre- 
_ fently changed t6white. He was not able to produce any change 
in yellow colours, nor in blue immediately ; but found that 
when they hid lain a day or two, after being expoſed to this 
operation they became White. In theſe 5 the leaves 
were faſtened: with white wär to plates of tin --- 

dsben a general attention was excited to clefricityby theſe cu- 
ious diſcoveries, that, in the year 1745. electrical experiments 
were exhibited,” in Germany and Holland, for money, 48 4 
ſhow; and public advertiſenients appeared in the news papers fot 
that 1 85 3 oF Jig loow9 comma nave aud nw 
Fu g of thi elvis of bodies, enen was firſt done in 
e many; 'was'ſoon after repeated in England, and among'othors 
by Dr. Miles; who, as appears by a paper of his, read at the 
Royal Society, March the 7th. 1745, kindled phoſphorus by 
the application of the excited tube ittelf to FR Fee the in- 
tervention of any conductor. fr y 

Turs gentleman' s tube Wappen i to bel in excellent Necker en 
this occafion, he obſerved, and was perhaps the firſt who ob- 
ſerved, pencils of rays," which he calls coruſcations, darting from | 
the tube, without the aid of any conductor approaching it 
theſe coruſcations he gave 4 drawing, which anſwers pr 
exactly to the appearance of ſuch pencils as are now very com- 
mon, particularly fince Mr. Canton has taught us the uſe of the 
amalgama, by which a tube may be excited much more ſtrongly 

Gan it could have been before. . 8 
Bur the moſt diſtinguiſhed name in this period of the hiſtory 
of electtieity, is that of Ds. Warson. He was one of the firſt 


| » Geſchichte, Vol. 3. P. 2 1 w. Vol. 2. p. 399 
1 Phil. Tranſ. abridged, Vol. 10. p. 272. U Ib. P+ 272, 
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ths aeg deten Mack 2d. "and Geke 24th, 
0 27455 - 01 ett 1% 8 Tod nl Sify ned” yard noligisgo 
"Dx. Warsox's attention to the beg of electricity ſeems ficſt, 
or pringipally, to have been engaged by the accounts of he 
Germans having, fired ſpirit of wine by;it....In this experiment 
he ſucceeded aud, U moteeper. found. that he was able to fice, 
not only the phlo 1 us, and rectißed ſpirit of 
Wine, but even common ne ſpirit. He alſo fired air made 
flammable by a chymical proceſs.? He even fired both ſpirit 
of wine inflammable air, by a drop of cold water, thick - 
en be! | £ gg micilage made with the ſeed. of flea wort, and (even 
with, ice. +- He alſo. fired theſe ſubſtances withra hot poker elec- 
trified; hen it would not fire them in any other ſtate t He fired 
gunpowder and diſcharged a muſket by the power. of electricity, 
—" 2 | when the gunpowder had been ground with a little camphor, 
1 or a few. drops of ſome. inflammable chymical oil. ||. Laſtly, it 
Was a diſcovery, of Dr. Watſon's, that theſe ſubſtances. were capa- 
ble of being fired by what he calls the nepulfiue power of electricity; 
which was performed. by the electrified perſon holding the ſpoon 
which containeth the ſubſtance to be fired, and another perſon, 
not eledrified,. bringing his finger to it, 9 Before this time, the 
ſubſtance 10 be fired had en, hen: ”_ PE: a eee not anger 


owt 


In. his attempts to fire clearics per . as Nerat a bat 
PA capivi, by this repulſive power. he thought he confuted 


* Phil; Tranſ. abrid ed, Vol. 10.5. 286. ie Ib. . 290. + tþ. P. 288. [8 Ib. p. 289. 


4 at nnn had prevailed amongſt many e 
electrigity only floated on the ſurfaces of bodies, for he found 
that the ſume of theſe ſuhſtances could not be fired by a ſpark | 
fetched from the ſpoon, which: contained them. This ſpark 
muſt therefore paſs through. the electric, from the furface of the 
ſpoon below, which was in contact with the electrified conductor. 

_ ExzcTRIFYING: a number of pieces of fine ſpun glaſs,. and 
other pieces of wire, of the ſame length and thickneſs, he was 
| agrecably amuſed by obſerving, that the threads of glaſs jumped. 
to the clefrified body, and adhered to it without any, ſnapping ; 
whereas the wires jumped up and down very ws giving,: a ſnap, 
and a ſmall. flame, Sen ne,, 

. 'Is a paper read at the Royal Society, Faliwny: 6th. 1746, he 
| obſerved, that electric ſparks. appeared different in colour and: 
form, accordir to the ſubſtances. from which they proceeded; 
that the fire appeared 1 much redder from rough bodies, as ruſty 
iron, &c. than from poliſhed bodies, though they were. ever ſo 
ſharp, as from. poliſhed ſciffars, &c.. He judged that the different 
appearance was owing, rather to the different reflection of the 
electric light from the ſurface of the bodies from which i it was 
emitted, than to any difference in the fire itſelf. . 

Hs alſo obſerved, that electricity ſuffered no e in per- 
vading glaſs; having found, by exact obſervations, that its di- 
rection was always in right lines, even through glaſſes of differ- 
ent forms, included one within another, and large ſpaces left 
between each glaſs ; + that if books or other non-eleQrics were 
laid upon glaſs and interpoſed between the excited electric and 
light bodies, the direction of the virtue was ſtill in right lines, 
and ſeemed [inſtantly to paſs through both. the books and the 


. Phil Trax, abridged, Vol. 10. p. 286. +ib.p 290. 23h : 5. 
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ante denden eevagh: at vas mud d poet whe 
| the glaſs was made warm, than when it was cel. Ile be- 
times found eleC 


& Ty 


tricity to pervade, though” in finalt Nen e 
ove four inches thick. + 9.20 Py 
Hr fays, that in electrifying ſubſtan. es "of grow. abies the 
attractive power was firſt obſerved, at that part of it Which was 
moſt remote from the excited electric. 
Hr made ſome experiments which ſhowed, that the fire of 
eleAricity was, affected, neither by the preſence, nor the abſence 
f other fire. One of his experiments was made with a chymical 
mixture, thirty degrees below the freezing point of Fahrenheit's 
thermometer; from which, when electrified, the flaſhes were 
as powerful, and the ſtrokes as ſmart, as from red hot iron. f 


| It a ſequel to the above experiments, read the zoth of 
October 1746, Dr. Watſon mentions his having lined a glaſs 
globe to' a confiderable thickneſs with a mixture of wax and 


roſin; but ck en no difference between that and che other 
globes. ©: V 


He alſo Made various experiments with a number of globes, 
whirled at the ſame time, and having one common conductor; 
and concluded from them, that the power of electricity was in- 
creaſed by the number and ſize of the globes, to a certain degree, 

but by no means in proportion to their number and ſize. Vet 
the Doctor allows a very great increaſe, in an inference he makes 
| from theſe very experiments. As bodies to be electrified, he 
ſays, will only contain a certain quantity of electricity; when 


that quantity is acquired, which is. ſooneſt done by a number of globes, 
the ſurcharge is diffipated as faſt as it is excited, 80 that, it is 


4 
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plain, more fre was collected by the number of globes, though | 


the form of the conduQor he made uſe of was ſuch as could not 


retain it. The great power of his four globes united is manifeſt 
from his own an of them. For, he ſays, that when two 


| pewter plates were held, one in the hand of an electrified perſon, 
and the other in the hand of one who ſtood upon the floor; the 
flaſhes of pure and bright flame were ſo large, and ſacceeded 


£K; 


each other ſo faſt, that, 5 when the room was darkened, he could | 


diſtinaly ſee the faces of thirteen perſons | who. ſtood round the 


room.“ 
LAST Lx, is Doctor found, * the final of . elec- 
trics was a conductor of electricity, and alſo that flame would 
conduct the whole of it undiminiſhed; by obſerving that two 


| perſons, ſtanding upon electries, could communicate the virtue 
to each other, with nothing interpoſed but the ſmoke in the one. 


caſe, and flame in the other. + 
IT was in this period t. that Mr. Du Tour — that flame 
would deſtroy electricity; as he informed the Abbe Nollet, in a 
letter dated 21ſt Auguſt 174 8. "The lame was alſo diſcovered by 


Mr. Nein, 
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mou: hor tho wel | rpriſing E that has 
5 yet been made in the whole buſineſs of electricity, which was 


: | the wonderful au rege pere of i its y__—_ in glaſs,” _—_ at firſt 
the LERTD RR 

| 5 Jen, as he was — ſome een which 1 had 

k, and Allamand, profeſſors in 


city. But the perſon who firſt made this 
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A r W. l. . > THE: LEYDEN PHIAL. 


_ great! diſcov y. was Mr. Von Kleiſt, dean of the: cathedral: in 

Thanks ho, on a the 4thoof November 1745; ſent an account 
of it to Dr. Liebetkühn at Berlin. This account, as taken by 
Mx. Gralath out of the tegiſter of an academy at Berlin, to which 
5 ke had pere ae 100 


pact * = 04 unn ad or a 


; 0 „ phial ag | 2 a ri -phial 
«muſt be very Shes or r warm. 1 Falte rab it BN 
* hand with a finger, on which I put ſome pounded chalk. If 
a little mercury or a few drops of ſpirits of wins B put into 

it, che experiment ſucceeds the better. As ſoonesthiviphial 
and nail are removed from the cleftifying glaſs, or the prime 
* condu or, to which 1 it. hath -& been expoſed, 1 18 taken away, it 
* throws out a pencil of flame ſo long, that, with this burning 
8 e in my hand, I have taken above ſixty ſteps, in walk- 

ing about my. room. When it is electriſied ſtrongly, I can 
« take it into another room, and there fire ſpirits of wine with it. 
1 « If While it is cleQrifying, I _ my finger, or a piece of gold, 

* which 1 hold in my hand, to the nail, 1 detairs a tho ok 
. which ſtuns my arms and ſhoulder s. 

A T tube, or a man, placed upon ns is 1 
9 much ſtronger by this means than in the common way. When 
« I preſent this pbial and nail to a tin tube, which I have. 
« feet long, nothing but experience can make a perſon. believe 
_ * how. ſtrongly it is electrified. I am. perſwaded, he adds, that, 
«in this manner, Mr. Boge would not have ake! 

6 « trical kiſs. i 

** of it... It appears to; me extraordinary, that wh 
« and nail are in contact a with either conducting or non- 8 

ing matter the ſtrong ſhock does not follow. bare cement- | 
C * ed it io wood, metal, TY ſealing wax Kc. when I have 


M - M electrified 


ee. my Sea ede ſomething to it. This 
firmed by my obſerving, that, | utleſs Libold $80 hit 
« hand, I-cannot fire ſpirits of wine with iti. 
3,  NatrwirnstANnDING: Me. Kleiſt imr 
an account of this famous experiment (which indeed'it'is evident 
he has but imp erfectly deſcribed) to Mr. Winckler at Leipfick, | 
Mr. Swiettiki of iD Dantzick, Mr. Krugar of Hall, and to the 
profeſſors of the academy of Lignitz, as well as to Dr. Lieber- 

| kuhn of re eee they all returned him word, 


* 1 


Want did not ſucceed with them. Mr. Gralatk 


of ick, was the firſt with whom it anſwered; but this was 
8 not all after ſeveral fruitleſs e and e facther aden 

. s fror the inventor. 12 a 10, Htg 
Tur Abbe Nollet bad information” of $85 Unbbverh, nd, 
| conſequence of i it, ſays, in a letter to Mr. Samuel Wolfe,” ef the 


ick, dated March, gth. 1746, that the experi- 55 
was UDor principles Gmilar to this made with a 


—— — and a nail dipped in it; and that this 
Tus views which led to this diſcovery. in Holland. were, 
e been informed, as follows. - Profeſſor enbroeck 
erving that” electrified bodies, | expoed' 0 
phere; | which is always replete with ootduAtng 
particles of various Rinde, ſoon loſt their electrieity, and were 
capa le of retaining but a ſmall quantity of it, imagined,” that, 
were; thi ala ificd bodies terminated om all ſides by original elec- 
ight be eapable of teceiving a ſtronger power,” and 
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ned to have got the name of that of Leyden. * 


- Conus 
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| lay e | 


_—_— would have been called the Dantzick experiment, if i it : 
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_ retaining Je 4 r e e Gloſs bing the moſt convenient 
| ele@tiic/for this urnoſe moſ ' 


1's, 


boides: 2 no ce ne N was aſk. till Mr. ö 
OCuneus, happening to hold his glaſs veſſel in one hand, con- 
taeining water, Which had a communication with the prime con- 
ductor, dy mean of a wire; and, with the other bt: diſen- 
geging it from the conductor (When he imagined the water had 
received as much electricity as the machine could give it) was 
fſurptiſed by a ſudden ſhock: in his arms and breaſt, which he bs 
nat in the leaſt expected from the experiment. 
Ma. ALLAMAND and Ms, Muſchenbroeck were the fit who 
a > Abbe + Noll and M fondeur Monnier in Fance, and Meſſrs. 
is entre n- curious to — the. 4 Which 
iiloſaphers, who firſt felt the electrical ſhock, give of it; eſpe- 
cially 28 we are ſute we can give ourſelves the ſame ſenſation, 
and thereby compare their deferiptions with the reality. Terror 
ane dur pri 0 certainly contributed not a little to the exaggerated 
; accounts they gave.of it; and, could we not have repeated. the 
expo t. We we ſhould, have formed. a | very different idea "thy it 
from what 3 it really 1 18, even when given in greater firength th 
thoſe who firſt felt this electrical ſhock were able to give 1 "i 
will amu aſe my readers if | I. give. them. an example. o or two. 55 . 
ä os Muy HENBROECK2; Who tried the experiment“ with a very 


laſs. bowl, ſays, in A, letter to Mr. Reaumur, which he 
wrote ſoon. afte r the experiment; that he felt himſelf ſtruck in 
"big Mt. hos Aeg 3d. breaſt, & that he loſt his breath, and 
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4 65m 10 vas ider 
, this! [experiment (which 
6 ver d. nps et bits n 


convaiente, 5 "But the Molt feniürkable'uee bust 18. 
Winckler of Leipfic. | He ſays, that ide Ar eme #10 tr 96046 
ns 198 ger gion 600 


fone oy upon Twi, he dee e ne Ee e | 


\ Tound her elf o 5 weak, thats mes obulch £ 
| hardly x walk z and that; 3 week | after, ," upon Nn eee 


ee een „lige be e ren) rene. 


WI are * Lanka to fafer t WIR FIR ahces;” that alb 
the clectricians were ſtruck ark this panic. Fee, 1 beter, 

would have joined with the cowardly. ptofeſſor, 110 ſaid that he 
would not take a fecohd for the kingdom of Franco. Far wiffer“ 


ent from eee were „ e oh mg Au Boe. 


that bean of his * 
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beſt when the phial, which eon 
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en e hs hor 


lar piece, 400 lines d Nall ih" ameter, was thrown 
lace of the rupture, againſt a a wall, which was at the diſtance 
of five feet. The veſſel, he ſays, had no crack, or other injury, J 
Dx. Warsox, who gives an account of this famous expcriment 
av che: Philoſophical Transactions, obſerves, hat it ſucceeded 
une the water was of tlie 

and the! water ous er th Al anche ambient: air, He 
glas veſſels of different og as far as = gallons; wi tho the 
* he Rroke;”” He ue Obgetved 10 the fore bFthe- 

n te 0 'the globe, or 
the number of globes yed upon "ts e for that he 
had been as forcibly rack with a phiaF charged by means of 4 
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n E of 


its, } 


bee * Mead It ec Rong: and. 8 
ie 2 Horry nd what was expected from 
1 00 was, coating the outſide _ Ba 

11 en „with heet lead, or tinfoil. 

) wel ery prep 1584 1 this manner, and nearly filled 

they ob ved, that a perſon who tidy: held in his 

nunicati ing with chat coating. felt as ſtrong 5 

ald Have felt, if his hand had been in actual 

very part of the phial touched by the coating: 

4 D. Wars alſe diſcovered, that t 


the electrical power, in 
ry 8 of thi Phial, darts reti > Cur; , as he ſtyles th - 
the gli” barrel and the phial ; and, though it! is not 
nat the ſhock goes the neareſt way, yet 


a lone was a conſiderable be for chat 


touch one anbther, elt Wa of as: Mock, his. bay. making 
no neceſſary part of the circle; and alſo, if a man, holding a wire, 
Which communicated with the outfide. of the phial, as it hung 
upon the conductor, ſhouſd touch the conductor TI 1 dhe er. 
_ _ plofion was made, but the man felt nothing. Tr 
IN a pa 


: 


r rad at the e Royal Society, January 2 it, 1748. Pr. 
Watſon mentions another diſcovery relating to the Leyden Phial, 


Di Boots 4 e and he. Pham e 1800 en 


1 ; 0 2 50 a likewifs by che number. "of LIN 


. ; nil. Trink ridges, va. Td. P- 299: 4 Ib. p.300 wy 
ew ha > non- 


d Me bike der ond leads Mot bod. 


ING and coating, diſcbarged them all as one jar. bes 


this he obſerved, that the electrical exploſion from two or three 


of thoſe jars was not double or treble to thay from one of them | 


but chat the exploſion from three was mu 
tw and the exploſion from two much oy 10 | 
Tus experiment had induced him to imagine, 
you from enn owing to hs great qu ntity of nc 
| | ter contained in them. And whilſt he 8 
1. | metnod e fac 
was ſo, Br. Bevis informed Bim bn bag ound, tri. 
cal exploſion to be as great 
glaſs, within about an inch of the edge, — was — 
proven of Mr. * 
half ; pint Shin of water. Upon this Dr. Watſon 


top, and from the great exploſion he 
non- electric matter was contained in them 
that the effect of the Leyden bolews grerlyb n 


was not principally owing to, not ſo much the —.— of Hows: 
electric matter contained in the glaſs, | as the number of points 


of non electric contact within the glaſs, and the denſity of the 
matter of which thoſe points conſiſted; provided the matter was, 
in its own nature, a ready conductor of electricity. He alſo . 


ſerved, chat the exploſion was greater from hot water ind 


when cold. + 
Tux Doctor obſerved, that FM the circle for * diſcharge 


Phil. Jrar 


. abridged, vol. 10. 5. 37h ; 106 I /Ibep. 377* 
th | Was 


neaton's) as:it could have been from a 


with leaf ſilver, both infide and outſide, within an inch of the 
prod Pra wu es Lets 


glaſſes, than rom cold ; pd from: his coated yon warmed, they 
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rk. VIII. Sec. I. THE LEYDEN PHIAL. 97 
not through —— ductors, he explofon was made 
- flow wi n once. This law, he fays, was invarlable, 
dot he was not able. on for it. But to prove that the 
electricity paſſed with its whole force through the circle of non- 
elativies;! 1 e circuit conſiſting of iron bars, and ſpoons 
filled with ſpirits between each bar, (but at ſome ſmall diſtance 
— and ata the exploſion, all the ſpoons were on fire 
at once. — firſt. time, as he obſerves, that ſpirits 
4 re ever fired without either the ſpirits, or the non- electric on 
which they were placed, being inſulated, or put upon original 
electries. And yet, he ſays, though we know, from its effects, 
_ e electricity goes through the whole circui of non=elec- 
nee its progreſs is focquiok,; as not to af- 
— by attracti otherwiſe, any light bodies diſpoſed very 
near 4 through which it muſt neceſſarily paſs. 
Fr is curious to obſer in what manner Dr. Watſon explained 
xock of the Leyden phial, about the time that he firſt made 
Y it with it. He had then been led (by a courſe of 
mans] which will be mentioned hereafter} to the notion 
both of the aus, and Mu of eloctrie matter in all electrical 
experiments. To apply this principle to the caſe in hand, he 
ſuppoſed, that the man who felt the ſhock parted with as much 
of the fire from his body, as was accumulated in the water and 
the gun barrel; and that he felt the effect in both arms, from 
the fire which was in his body, ruſhing through one arm to the 
gun barrel, and through the other to the phial. He imagined 
alſo, that as, much fire as the man parted with was inſtantly re- 
placed from the floor of the room, and that with a violence 
* to the manner in which he loſt it. It alſo appears, from 


een. Trank, abridged, Vol, 10 5. 37% — 
Fa N 2 Dr. 


| Vine, ths he wen 


- Hows ach ſack «quanity could be api. He had wh *. 
weck, ra go xs Sod pon 


avr.::4:ſhall- Ft 
« genen 5 
| n to. us, ene N 
adv Seed Aer of . {cien« sf 21.00, ant 912.04 60; ho) equi. 
„LrAEx notice of theſe,” 2 the Doctor, ebe ass 
« notwithſtanding the very great progreſs which has ere 
in our a Ac c en in this part of natural philoſophy, with⸗ 
4 theſe few yea ts; poſterity will'tegard 65'ns Gnlyin-our 
« noviciare; Au deli it beheves us, ag far as. wer can be 
„Jaſtiged therein by erper ment, Any e 
„may have drawn, if others yet 
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- of a ati years, 4 
ſam light. And, 
ing in aui eee, 


| mem ner e 5 a co _ : 5 


one by De. War on —— . 5 
ck hb. wagcundertalgen- by Dr. Franklin; 


peat we. ern 05 nr: Hog: li | 


| an i particularly. Mr., Wilſo n bt 
Ma. Wiuso* [Lays that,. anerk. 5 et by diem | 
ered a method, af giving the ſhock to eee part of the 
| — the He. increaſcd; the ſtrength of 
langing-the phial in water, thereby giving it a 
of water ie outſide, as * it was ede on . 
inkde, . th © 9 Senft 4 35 Ae ln 8 
In a letter to Mr. Sme a 5 Dublin October 61h. 1746, 


Fe gh ma 5 was always in proportion to thes 
thinneſs of the glaſs, the ſurface of the glaſs, and that of the 


non electries in contact wii the. infide and outſide thereof. The 


experiments, he ſays, were made with; water a little warmed, 
Which was poured into the bottle, while, the outlide was im- 
merged in a veſſel filled with Water, but a little colder ; leaving, 
three inches, or thereabquts, uncovered, which. was preſerved 
dry,and. free from ddſt. An account of this experiment he wrote. 
before the Royal Society, Ota = 


*Phil, Tranf. abridged, Vol, 19, 5. 32% * Me gay, p. 88. 1 w. p. 7. 
a, vat . 8 5 | ber 
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Oe * FE) 4. 44 41% 


grin eee —_ Wilfon 2 10 order to 
. an hypotheſis, which he conceived very ear i of the in- 
fluence of a ſubtle medium ſurrounding * bodies, and re 
the en ne _ electric fluid. termine 

L | ment dee chin an on 


13137! 15 "Fi Alti 7 


„ in esch wy riment, 
n reſiſtan wh Supe he ſays, prov 


Retry 


an tobe leſs than AF a chain was uſed. But to leave 


een Abr the Rinks! might be brought nearer into contact, 


Two circuits ban d ad one « coſting of the arms of a 


man, and the other of the links of à chain; he ſound, that the 
fire would take the arms of the man; but that if the chain were 
fon,” he fays, who 
has not made the experiment, would imagine, with how much 
foree the chain muſt be ſtretched before the experiment will 

id paſs through it without produ- : 

cing a ſpark at any of the links; that is, before the links can : 
be brought into abſolute contact with one _ Another, their own 


tretched, it would take the chain. No per 


anſwer, and the electric fl 


weight being by no means ſufficient. 6 


IT OLE 8 dens bo Huy. + Wüllen and Hoadley, p. Cy ah 
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th one wire only. ke found the 


„ he cauſed the chain to be ſtretched with a 


and =) event was ** ume a5 Pw in en bad been 
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Wes Wirsow obſerved, that if one part g of the Tepden b 


was ground very thin, and covered with ſealing wax till it was 
charged; and then had 1 m wax taken 10 and a condue- 


tor 
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> communicating * the hn tonehetl; the thin part, the 
eharge would be n 7 GE half the Ks 1 e 
wiſe would have been! 


_- Hz obſerved that 4: 24k plac 4 Ne th cleric e 
would be affected with the ſhock; if they were only in contact 
with any part of it, or very near it. To ſhew this to the moſt 
.dvantage, he ſet a charged phial upon a glaſs ſtand, and placed 
ſeveral: pieces of braſs upon the ſtand, one of them in contact 
with the chain that formed the circuit, and others a twentieth 
of an inch from it, or from one another; and, upon making 
| the dilcherge,, there was a ſpark viſible between each of them. 

ANALOGOUS, in ſome, reſpects, to, this, was. Mr. Wilſon's | 
obſervation, that if the circui 


it was not made of metals, or other 
od I conductors, the perſon. who laid hold of them, in or- 
e for n the experiment, felt A conſiderable. ſhock in, that 

um which was in contact with the circuit. 
H alſo obſerved, that when the, 9190 was We Wie 
and without, with metals, the, firſt exploſion bore the greateſt 
proportion to the ſubſequent ones, the whole charge, being diſ- 
fipated almoſt at once; whereas, when water was uſed, the 
ſubſequent exploſions were more in number, and more conſider- 
able; and that when, the phiat was charged with nothing but a 
wire inſerted. in it, the firſt exploſion and a ans ones: 
were ſtill more nearly equal. 

_ Mx. WirsoN once happening to break a e wire 4 8 
— ſhock, given to his arms by, the Leyden phial, he faſt- 
ened to his hands, well, guarded, with leather, a larger wire, 
of the thickneſs of à ſlender knitting needle, and placed himſelf 
in ſuch 2 manner, that it would ae be ſtretched, if his 
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19 as Sid evolve like the former. # ino meds - 
Mx. Georxce Granam ſhewed how ſeveral circuits for the 
Aways! of the Leyden phial might be made at the: ſame time, 
and the fire be made to paſs through them all. He made a 
number of perſons take hold of a plate of metal, communicating 
with the outſide of the phial; and all together, likewiſe; lay hold 
of a braſs rod with which the diſcharge was made; when they 

vere all ſhocked at the ſame time, and in the ſame degree. | 

 LasrTLy Mr. Canton found, that if a charged phial was placed IS 
upon electrics, the wire and the coating would give a ſpark or 
two alternately; and that, by continuing this operation; the 
phial wonld be diſcharged. F This diſcovery, which'is the firſt 
that I find recorded of this" excellent philoſopher,” to whom the 
ſcience of electricity owes fo much, has a near affinity ts the 
great diſcovery of Dr. Franklin; but he did not then obſerve, 
that thoſe alternate ſparks. proceeded from the two contraty elec- 
tricities. This hiſtory will furniſh many more inſtances of per- 
ſons bein g on the eve f great diſcoveries, without actually 
making them. Both Mr. Gralath and Mr. Richman obſerved, 
in ſeveral caſes, a ſtronger ſpark between two bodies, when' both 
of them were electrified, than when only one of them was in that 
ſtate; but neither of then {uſpedted, Wet he. cleAricities were 
a: a different kind. || "070 5 

Mr have ſeen what eee the Engl ohiloſaphers had | 
made upon the L. yden experiment before the time of Dr. Frank- 
lin; let us now take a view of what was done by cleRricians In 
other n of the world, "xrichis the wy regs * gg 
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ial, came at a m ee en learned 
men were employed about electricity, the Abbe Nollet, and 
Mr. De Monnier, gentlemen of the academy, zealous to ſearch 
into fo an extraordinary a phenomenon, diveſting themſelves of 
the fear with which the profeſſor's letter might juſtly have in- 


the 3 the phial, 


ſpit TIRE oY PE , made the experiment upon themſelves, and, in 
Hike” ma rev? ſaid they found the commotion very terrible. The 
| report 'of t inſtantly ſpread through the court and the city, 


nce all ranks of men crouded to ſee this new kind 4 
| thunder, and to experience the effect of it“. 
Fur Abbe Nollet was the firſt who made experiments upon 
the phial in France, und the reſult of many of them was the 
fame with what Dr: i had diſcovered, for which reaſon I 
all not tecite them here. T cy may all be ſeen at one view 
ii His Legont df PRyſgue, p. 4 157. The circumſtances which the 
FPngliſm philoſophers had not attended to, ate the following. 
Tur Abbe received à th ck from a bottle out of which the 
air had been exhauſted, and into which the end of his conductor 
had been inſerted. This was an accidental diſccbery; for he 
received dhe Hock as he was holding one hand to the glaſs veſſel, 
in order to obſerve the beautiful irradiations 92 the electric light 
| towat rd ö it in vacuò, and putting his other hand to the conductor, 
in order to adjuſt ſomething | ab out it. The blow he received 
1 ber A e Be fays, than he ever felt from the 6 Londen experi- 
met ny other form. 4 nnen 
me place ke obſerves, s, that he n never "conſidered the 
water in the Ja as of any uſe, Var to convey the electric mat- 
ter into the infide of the” glaſs; 3 and d that he aſcribed the force of 
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. * Nollet's Legons te Phyſique, 1 p. 462. : 1 1 
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rn HISTORY. or ese 
th oY in giving « ck, to that property. vf it; whorthy it re- 
tained it more ſtrongly ti ane 4 a ee pet d | 
diveſted of it as they are. ; 560 
Mx. Monnizs is aid, by „Mr. Buffon, to iy hog abs 6rſt | 
who diſcovered that the Leyden phial would retain its electricity 
a a-confiderable time * ir way. charged, F to hays, und 5 | 
clefrificd his phial at ae and brought in FR 5-4 gd 
many ſtreets, from the college of Harcourt to his apartments 1 in 
the Ving s garden, my: * | imi 
efficacy. * | | THGAY D1-ON8 B91: 
In France as well as in a Gomngay' exp. riments wer to 
try how many perſons might feel the ſhock of the ſame. phial. 
The Abbé Nollet, whoſe name is famous in electricity, gave it 
to one hundred and eighty of the guards, in the King's preſence; 
and at the grand convent of the Carthuſians in Paris, the whale 
community farmed a line of nine hundred toiſes, by means of 
iron wires between every two perſons (which far exceeded the 
line of one hundred and cighty of the guards) and the whole com- 
pany, upon the diſcharge of the phial, gave a ſudden ſp a8. 
at che ſame inſtant of time, and all felt the ſhack equally. +. 
Mx. NoLLeT alſo tried the effect of the electric ſhock upon 
two birds, one of which was a ſparrow, and the other a chaffinc 
which, as far as I can find, where the firſt brute animals of 2 
kind that ever received it. . The e conſequence Was... that upon 
the firſt ſhock, they were both inſtantaneouſly ſtruck motionleſs, 
and, as it were, lifeleſs, though for a time only ; 4 for they re- 
covered ſome few minutes after. Upon the ſecond ſhock, the 
ee e ſtruck dead, and, upon examination, was found 
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vid without, as if it had been killed with a flaſh of lightning ; 
moſt of the blood veſſels in the body being burſt by the ſhock. 
The chaffinch revived as before. Fiſhes were alſo killed with 
the electric ſhock, by the Abbe, and others. 
Tux circumſtance of the blood veſſels of the ſparrow being 
burſt is, I imagine, a miſtake. I have ſeen no ſuch effect, when 
ſmaller animals have been killed by a ſhock fifty times as 6 
as, it is probable, the Abbe uſed upon this occaſion. K 
1 ux Abbe Nollet as well as Mr. Jallabert mentions the burſt- 
in of glaſs veſſels by the electric exploſion. They were pierced, | 
he fays, with round holes, three or four lines in diameter. + 
It ſeems that the French philoſophers, as well as the Engliſh, 
had obſcrved, that, if the phial ſtood upon glaſs, it could not 
be charged, except a perſon's hand, or ſome other non- electric 
_ ſubſtance were brought near to it. Upon this they imagined t the 
fire ſtreamed out of the hand, and paſſed through tlie fubſtance 
of the phial into the water. f This fact ſurpriſed them yy 
i much, as it well might. They alſo obſerved, that a light bo- 
8 dy would be attracted by a charged phial, as it ſtood upon the 
f table, if any perſon touched the wire; but they ſay that, if the 
| phial itſelf were touched, the light body would be cepelled with 
a force equal to its attraction i in the former caſe. They like- 
Wiſe found, that When the charged Phial ſtood upon glaſs, it 
might, be handled with all ſafety. 9 "Theſe experiments ſeem 
not to have been made 'with proper circumſpection: for by an 
attention to theſe very circumſtances, ' Dr. Franklin was after- 
wards led to the great diſcovery of the different ney of 5 
, on different fides of the 1 1 hd 


rin. nat abridged, Vol 10. P. 31. g 1 Nile: Lauer, vol. 1. Frag 
re Tranſ. abriqged, . 10. p. v.. J 235. b. p. 337. 
YR O 2 "PE ERTIOD 


- 


* 4 - * * a4 
1 : 
4 * * > - 
* 
on 'S oy * * 
4 — * . 4 
= F , 
f Hu 
4 . 
* — 
- 
4s. 5 
* — 
= C F 
- 
# of 4 % 
* * * 
— 
* 6 : 
= % 
R % " 
4 1 
7 F Y 


E-7 * 4 Ky Py F 4 "6 RS * +4 1 + D,,. £ 
[4 3 * 7 * 2 : 
ES 24 «WES r * 1 15 us a 1 
* 'S 
12 IS. 


A a. 4 Ta « 
*: 4 . N 22 


— 


ne 


Taz METHODS: VSED BY T 


5 
1 


rnkks, 10 MEASURE. THE DISTANCE 
" TRIC SHOCK CAN BE CARRIED, 


» , 
> 5 * 8 0 
x ved x _ - 4 x 
8 3 5 2 » * 4 * * 
8 4 0 y * 24 £ > 3 
$148 — * 1 * * wa” * * al 
of 


* 


” 


UE Faen 


* 
185 
a 4 5 i * 
* * * _ e 
15 7 # 7 4 ” . P FRO 3 4 5 * 
_ . LAGS Yr we q LY 1 * i "Vs 4# * * » : * . 5 1 £ £ 
- Ae * : = "I. - 
» 
1% Ma. * Lp : * f p 
HE 4 ; bl : : : 
„ * N * > * # 6 * Ks N 4 
* 6 4 WE i s * * 
* . * by 
3-0 # 8 > > d : . 
" \ % 1 
— . ” 4 4 F 2 * % * * % £5 
# 0 E * 4 * 4 _ 
* 
. * 


=» * 


14 4 1730 ALES LEES 


EY 


. 


nts, in which 


75 * 
* * 


R French pl 


. 4 oo 75 TE” 1 TEE 
5 ** 48 


Ja 


nine 


a £3 26 : 


OE 
* 


be 98 
S 


we. ſh: 


| * 1 1 p : 
4 7 
0 1 S 3 
$ 54% e 2 9, N 
4 B 
\ * * "7 
5 \ : 
iT 8 1 - k 5 > — 
2 - 
" T * « 
# 7 * 
<. $ 7 
0 4 : * 
# 1— N. * * * 
= * 
\ 4 
j 1 # - 812 
WW 
7 * * * 
- . J bay 
* 4 
* FP p "4 
x * 
* % * 
4 7 * 4 
- F. * 1 
bn , * 
* 
* - 
© 
y 0 Led 
* 
— T a 9 
* 
— 
* 
” 
* 


x46 5 


* 


* 
2 
* 
n 4 
„ CEE 05 2 
> 7 4 # 
EIS & Yay on HE B+ 3 1 > 8 ; 


ow” 


AND Tur varoerty wire 


N * 8 - — 
* 0 
f 5 : 
: 1 1. "i 1 A - ; 5 * 
* 2 +; — £# 4 * © | 4 8 Yoo * E 
. - . © 
« 
— — 
* 
Pl 4 : 1 * * 4 $ „ * * + "ID. . 0 * 
1 # 8 # I ? F431 
— 1 . <p 8 1 1 2 2 8 5 ; 
* » . * | 7* * 
* 
* * 2 1 "> A 
. # ” £5. * * 8 7 1 
A al 4 * » 3 $ 8 
we at. # 4 ; * * . „ — by 
1 : 
* 
* . * * 


1 r 5 Un 7 


an am ppler field o eledrical experi- 
1 be 9 . not of what 
in a private room, y a fev rs ;. 


Wong 


3 


it; as well as « the 


1 
"# © 95 


I 


19 2 — patience in the.c con- 


2 were hs fri to a Pear in t is 
an excite the Engliſh to 


* 


2 * 1 


1 * 1 * 


t a 


3 * 


A wire two thou and toiſes i in length,” x 
or about two Engliſh mi d 
upon wet graſs, 


—_ 


hundred | tolles, | con 


* & 5 23 £ 7 9 Ts * FE . 8 * [34 18 NY 


4 1 


1 . e & 
ES 
a WW; N 


» 
* 


LF: 


{ 
. 


ſting of men 
ich the elec- 


{ 


nother time, they made the 


* 


at is. 


* P # * EP 
+ * 2 1 
, 4 ” . * 
1 3 & : * '$ ON = +7 % 5, bl 3 62 4 6 ? 
* 1 * * * * 2 * 1 E 4 oy 1 L 4 


8 : 3 by bo a 8 * 4 | 
Tb "= „ iy oo 3 
£ S © 2 ' &. 441 Ty” £43 FEE art 


*. 
WW 


: 


H. Sec. n. BIA RIC,,CIRCUITS. 10 


wa or p nndbep and over ound wiy; ploughed ap: Into 
anothe n y took ther water of the haſonlin the Thuilleries 
e ſurfact af which was about an acre; and the -phial- Was dif | 
— — 1. %% Mr. Monnier who made; this; experi- | 
ment meritioning. the. quantity of ſurface in the baſon of water, | 
as 115 it was of conſequence to the experiment, and ex preſſly fay- 
| elettrifie. 30 Mer.” Gralath made ſeveral experiments, : Ea 
| which rer that 2. dda es: which form: the eitouit of . the ſhock . 0 
are not properly electrified · · 115 j fe Gi Dee pow 4p wp 
wg Monnwres the younger, alſo endeavoured to Anenlad 
locity of the: electric matter ; and for this purpoſe, made 
ne paſs through an iron wire of nine hundred and fifty | 
toiſes in length,” but he could not obſerve;,;thatit ſpent a quarter 
of a ſecond in paſſing it. He alſo found, that when a wire of 5 
one thouſand three hundred and nineteen. feet, with mt 
ties brought near together, was Electrified; that the electricity 
_ ceaſed at one end, the moment it was taken off at, the other 
This fact refuted the opinion of thoſe whOmnai Itained, that it was 
the force of tho electrical ſhocks) which threw the Haie aer 1 
1 o · tar 5 10 509-900 ale; ods vols. arigioct 

all the ench would ſcarce chery 


but that they preceded: the greater, the: 

more aeourate, and the more mum, ouecxperiments ofthe Rog 
entlemen;; animated th {St 

hill þ 2 ape, ind who . nl 
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preſent at every ee „Alis -Chitf. aſſiſtants were, Martin 
Follces Eſd. preſident of the Royal Socinty, Dord Charies Caven · 
dith, Dr. Bevis, Mr. Graham, Dr. Birch, "Mr: Peter Daval, 
Mr. Trembley, Mr. Ellicott, Mr. Robins, and Nr. Short. 
Many ether perſons, and ſome of diſtinction, Save their attend 
aide Oeaſionally. FAS 1125s 48 20:01 2248 DpSkngo to e, 31 i an » 
DE. WxT508; who wrote the hiſtory of their proceedings, in 
order to lay them before the Royal Society, begins with obſerving 
(what was verified in all their experiments) that the electric ſhock 
45 not, ſtrictly ſpeaking, conducted in the ſhorteſt manner poſſible, 
unleſs the bodies through which is paſſes conduct equally well ; 
for that, if they conduct unequally, the circuit is always formed 
— the deſt o CO n e the: _— ah; it be ever ag 


| "Pies ft ativenpe W n * ks 
electric heck acroſs the river Thames, making uſe of the water 
Fuße wier for one part of the chain of communication. This 
they accompliſhed on the 14th. and 18th. of July 1747, by faſt- 
ning a wire all along Weſtminſter bridge, at a conſiderable 
height above the water. One end of this wide -communigated 
Lich c een of «-chirged phial; >the orher doing: held iy an 
wbſerver; Who, in his other hand, held an iron rod, which he 
Upped into che tiver. On the oppolite ſide of the tiver, Rood 
2 gentleman, Who, likewiſe, dipped an in ted date river, 
With ohe hand and in the athet, held u wire, the er 
# of which might be brought - into contact with, the. nin 4 the 
phial. 
f Ai e PON' inikiogthe-difcharge, che ſhock: was fel by: the obſ 
__ Ws%nboth fides'the.river,..but mote ſenſihly by thoſe who, _ 
ſtationed on t e ſame ſide with the machine; part of the electric 
Ap, having Leh from e : wire Ace the mit Tories a of the 
bridge, 


ain al L sag through. the-geotl 

the yu with the chin, Thin was in canner, dew 
and feet; he eee. n deva. at the” time 
of one of the diſcharges, -when they were ſtanding upon wet 
which led to the river. In one of the . 
oceaſion, A dre 2s enen 


the river. 
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8 cabs; ubtequent | 
activin! in preference to . for this, among other 
reaſons, that the electricity which was. conducted dete ee 
nat ſo ſtrong, as that which was conducted by wires. 
they well obſerved, was occaſioned by the Jer of che mus 
ner being ſufficiently cloſe, 4s appeaved- by the ſhaping 
ſtaſhing at every juncture, where there was the'icaſt fbpara- 
tion. Theſe lefler fnappings, being numerous in the whole 
length of a chain, jar: 4 dragons em er N eee 
the gun barrel. 
Tul next e to Pays ng clerical An 
a circuit of two miles, at the new river at Stoke Newington. 
This they performed on the 24th. of July 1747, at two places 
at one of which the diſtance by land was eight hundred feet, and 
by water two thouſand : in the other, the diſtance by land was 
two thouſand eight hundred feet, and by water eight thouſand: 
The diſpoſition of the apparatus was ſimilar to what they before 
uſed at Weſtminſter bridge, and the effect anſwered their utmoſt 
expectations. But, as in both caſes, the obfervers at both ex- 
tremities of the chain, which terminated in the Wn felt 


ml. Tranf. abridged, Vol. 10. P. 3% is. | 
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und ee graſs wn it, rue 


vrt ner e ike: 


— ace rr gre fe-. dene tub- 
OW Ns Bon? dt ye bono! revert 


with che Klong eee ef deu tances. Ihe 1 
was, in its witiohe: en fu ported by dry ih, ue | 
ſtood rics the effect of which Was, 
that they felt the ſhook: e more ſenſibly, than when the con- 
ducting wire had lain upon the ground, and when the ob erv 

d likewiſe ſtood upon the ground, as in the fo | 
meat. 0471 36 nr Vio 90 4c oft no! TY yu 8 
ſervers. were dire ec ad. iriftead: of döppiaz Walt . rods into the was 
ter. do put 4 em into thè ground, each one hundred and fifty 
feet from the water · They were both ſmattiy ſtruek, thoegh 
:-diſtant-from each other above five hundred feet. T“ 
—＋ e gentlemen, pleaſed with the ſucoeſs of their former 


unn undertook another, the object of which Was,"to 


i i » Phil, Trand igel, Vol. 10. p. 360. 7 1 w. p. 357. 
91s. — * 5 determine, 
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| detertoine, Whether the electric virtue eould be conveedthrongh 
* 3 and, at the ſame time, to carry it through | 
1 diſtanoe than they had done before. For this purjidſe, 
4 en | upon Highbury barn beyond Iſlington, where they 
Err 1 Auguſt 1747 They 
g choſs a ſtation for, their machine, almoſt equally diſtant from 
two other ſtations for obſervers ee tiver; which were 
ſomewhat; more than a mile aſunder by land; and two miles by 
water. They had found the ſtreets of London; when dry, to 
conduct very iſtrongiy, for about forty yards ; and the dry road 
at Newington about the ſame diſtance. The event of chis trial 
auſweted their expectations. The electric fire made the cireuit 
of the water, When both the wires and the obſervers. were ſup- 
ported upon original electries, and the rods dipped into the riber. 
They alſo roth felt the ſhock, when one of the obſervers was 
placed n a dry yrivelly pit, about three hundred yards nearer 
the machine than the former ſtation, and one hundred yards Git 
tant from the river: from which the gentlemen were ſatisſied, 
that-»the dry: gravelly-ground; had conducted the, electrivity 4s 
ſtronglyas water. 170 28W. 1533801. Ii Bols 303 9 Dean 160 ing 


2:1;FROM: the-ſhaeks'which theobſervers received in their bodies, ; 


| when the electric power was conducted upon dry Ricks, they - 
wereluf opinion; that, 4 * 


„m the difference of diſtante ſi 
e eee a5 far as they had yer Epe 


red „ When” thi ocker 


nk e 0e ek Og wa 


_ wriſts; when they ſtood upon the ae withe the ibn fol 
they-felt: ide hack ini thei elbows; wriſts," and aneläs and 


when Ws "oY | ppon By ground. without LI the ſhock was 
aides 5 * | always . 
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1 hend hich held tte 


| | men made, 
required all their — A dreſs inthe condut᷑t 
of is, was to Fee electric ſhock was peroeptible at 
| hich. Wi had before carried it; in ground 
nea + and allo to diſtin- 


8 with the iron 
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feet long and the ——— . 
0 8. The reſult. of che exploſion. demon- - 
entier nt, that che cit- 
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| exmemities of the » wires. „A diane N without rial, 75 
| rved,,. was too great tg be credited 
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diſchargedat-the inſtant of the/explaſions. — had 
Rap, watches in their hands, ta note che. 
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gone #1101, als. Hog Hoe wor a nag eli 


N ache exploſions where. the « dir cuit ras ue of any cunſi: 
EB 2. . Fran bridged, v le 979 TY 049 . 363 Tik lack 


8 


AI. 8E C. II. 


* ER 4 


: in e ſa that a by ſt 


male by the 


- BIECTRIC CIRCUITS. 10 


derable length, 3t 3 that though the n very 
{ wall Denne that the ſnap at the gun bart 
exploſion, was nat near ſo loud as whet the circuit was formed 
er ſays Pr. Watſon, though vert+ 


ed in thoſe operations, would not imagine, from ſeeing the flath, 
and hearing the report, that the ſtroke, at the extremity of the 
gondodting wire, could have been conſiderable; the contrary 
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rous,:-if poſſible, to aſcertain the abſolute: velocity: of electricity 
at a certam diſtance; becauſe though, in the laſt; experiment; 


10 


in et eee 


he 5 -abways 
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the time of its progreſs was certainly very ſimall, if any zithey 


were deſirous of knowing, ſmall as that time might he, whether: 
it was meaſurable;: and Dr. n A e nde 


method for that purpoſe. 


; 1 X 
R a * 


:ACcornnGLY, on the zw. wff 5 80 been 4 bates 
met once more, and the laſt time, at Shooter's hilt; when it was 
agreed to make an electric circuit of two miles, by-ſeveral turn 
ings of the wire, in the ſame field. The middle of this circuit, 
they contrived to be in the ſame room with the- machine, where au 


obferver took in each hand'one of the' extremities 
each of which was a mile in length. In this excellent! diſpoſition 
of the apparatus, in which the time between the exploſion and 
the ſhock might have been obſerved to the greateſt exactne 
phial was diſcharged ſeveral times; but the obſer 


| of 


'the wites, 


„ the | 


er always felt 


himſelf ſhocked at the very inſtant of making the explofion. 


+} F 
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pon this the gentlemen where fully fatisfied, that, through 
the whole length of this wire, which was 12276 feet in length, 
che wholly of the electric matter was inte | 
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6 experit ents aatcited: che adidiration of all foreigri Hier "0 
= ericius; Profeſſor Muſchenbroeck, Who was greatly ſatisfied with 
tie extent and ſucceſt of them, ſaid; cl r w. to Dr. Watſem i 
upon che ocrafion, Magwnifiventiſimis tuic experimi ee | 
natus amnium. NE; 2000 auy 1667 : | Ja 4 bfg (200138 970 Noch (if $59.4 5 
Ir is ſaid by ſore, that the laſ of theſe experiments go upon 
2 wrong ſuppoſition, and therefore can be of no uſe ; it being 
ſuppoſed that the very ſame parti les of che electric fluid, which | 
were thrown on one fide of the charged glaſs, actually. made the 
| whole cpu 11 the intervening conductors, and artived at the 
: whereas Dr. Franklin's theory only requires that 
the dficiencyion one fide of the glaſs be ſupplied from the neigh- 
bouring conductors ; which may, in return, receive as much as 
they parted with. from the ſide of the glaſs that was overcharg- 
ed. 80 that, to be a little more particular; the reduſdaney of 
electric matter on the charged ſide of a Pane of glaſs, © only paſſes 
into the bodies which form that part of the circuit which is con- 
tiguous to it, driving or Ward that "IO | 55 
natura ho ham; till, at length, the fluid which reſided in thoſe 
conductors which formed the laſt. 28 hag: oy paſſes into. 
= nee glaſs, 1161 9808 113; 109 9 = 
Bur ſhould this be the caſe (though i in greteidiſchargesi ſuppoſes 2 
the natural quantity of electricity in bodies to be very confider- 
able) and fhould Dr. Watſon, and other philoſophers at that time, 
have conceived otherwiſe; it does not follow, that the experi- 
ments could poſſibly determine nothing :. for there ſtill remains 
ething to be meaſured, viz. the time required for the fuc- 
l in 55 whole erte of F< 


ple; diſlodging the cles brig 
circuit. . 


Were 55 tle 0 of ths dearic matter "conteliad i in all | 
the intervening opndytors enter dali. no o motion could be 


a * 


made 


my. 


tion at the o 
tion is in 


not be the caſe in 


to one another. 


r; juſt as if one end of a rod be ſtruc . the mo- 
to the other end. But this can- 


nen communic 


elaſtic medium, „ the 


parts of which yield 
In this caſe, the motion is communicated in a 


real ſucceſſion, like a vibration, runnin £ the whole length of the 


circuit; which 


the vibrating 
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Theſe: great experiments 
of Dr Watſon, therefore, had a real obj et, only it ap 
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k firſt of theſe diſcoveries 3 in 8 of time, and in im- 
portance ſecond to none (except that of the ſhock itſelf, 


and Dr. Franklin's diſcovery of the different electricity of the 
oppoſite ſides of the charged glaſs) was that of Dr. Watſon, proving 


that the: glaſs tubes and globes did not contain the electric power 
in themſelves, but only ſerved as firſt en and nme, 


zs he calls it, of that power. 


Hx was firſt led to this diſcovery "I Grieg, that, upon 
: Ph the glaſs tube, while he was ſtanding upon cakes of 


wax (in order, as he expected, to prevent any of the electric 


power from diſcharging itſelf through his body upon the floor) 
the power was, contrary to his ex pectation, ſo much leſſened, 
chat no ſnapping could be obſerved upon another perſon's touch 
ing any part of his body; but that if a perſon not electrifi- 
ed held his hand near the tube, while it was abba. the ſhap- 

ping was very ſenſible. * 

Tux event was the ſame when the hits was | whirled 3 in fimi= 
lar circumſtances. For if the man who turned the wheel, and 


who, together with the machine was ſuſpended upon filk, touch- 
ed the floor with one foot, the electric fre Apprared upon the 


= . 


i Phil. Tranf, — vol. 10. p. 303. | 
conductors 


ict wit Kept fm 1 communication 
2 Warbon by this; 400 hed Hollviving: experts On" 
ju unction, ; diſcovered, what he alk the complete circulation of 
the ect matter. He o that 
would ifſue from his han to the infulate 
at ay fame time,” . nicatio 


4 


ous Aux of ed : ſediric matter to Woh mnabliinie.. 

Oss EAV, that while his band was in contact with the 
conductor, the man Who turned this inſulated machine gave 
ſparks, w lic would fire inflammable een r ee e | 
other electrical experiments which were OY 0 
conductor; he naturally mag 
man, for the v very ſame te 


e bifors 
im imagined that it came f this ee ern — that the 
man gave no-fire unleſs there was a communication. between the 
2 ror eee be concluded that, in this caſe, the fire | 


Mir — — by cutting off the comn 
nication of the electric with the floor, all eleftrical oper 
© Phil. Tranſ, abridged; Vol. 10. P3959 | 11 


. 
4, 


+ 4.44 4.* 


1 n No floor to the 240 lng pity prota e 
Hor the ſame reaſon, ſeeing the rubher, or the man ho " 49 
a communication with it, give no ſparks but hen the conduc 
Lor was connected with the floor, he would as naturally conclude 
that the globe was ſupplied, from the.condug r, as he bad bef ore 
concluded that it: s ſupplied from the tuhber. 1 
Courakx lx both theſe experiments together pr. Watſon was 
= Hed to yo, that, in mich us cus ope a ons, tt 


* 
tn m..“ x 
v 14 | 1 . June 


| piece of leaf fi v2 dende between a 
gies defrified 555 the 9 and anorher communicating 
floor, he reaſons) from. it in the following manner. 
be ſuſpended in eguilibrig but by the joint action 
erent l {0 e fo here, the e blaſt of 
. crric ether from the excited plate blows, the flyer towards 
ot the plate unexcited,. .and this laſt, 10 its Turn. by, iT: ; blaf ſt of 
electric ether from the floor ſetting through it, drives. the fily ilve 
«© towards. the plate eleftrified.. We And from henepe., Jikewi 
Skies the draught of electtie _ tro 1 1 0 js ara in 
| thrown, by. | ih 1 115 gun 
d 


Da «Gaia: be danny * 4 1 wy 11 ine Wor e7 1015 | 
DR. War so obſerves ;/ that che Abbe Nollet, to years ber 
fore he made this communicatiqn, had given it. 26 hig Opinion 
(though without any experiment which proved it) that the as > 
rie matter did not only proceed from the! cJefrified bodies, but 
Fron others out them, to a certain Kan ef. 10 ahi 


1 bil. Tranſ. abridged; ell 16 p.374. * N. 0. t Ib. p. 315. 
= SOME TIME 


Bet, vm Sze. II. OF D. WATSON. my 


—— after this, Dr. Watſon obſerves; in a paper read 
i the Royal Society, January 21ſt. 1748, that Dr. Bevis had 
carried his experiment, to prove that rubbing the tube or the. 
globe, only conveyed, ms did not produce the electric matter, 


further than he had done. For he had obſerved, | above a year 
| before, that pl; 


acing one man upon eleQrics, to rub the tube or 
globe, and another alſo upon electrics to touch them, as the con- 
ductor; both the who rubbed, and the man who touched 
the excited glaſs would give a ſpark; and further, that if they 
touched one another, the ſnapping was much greater than if ei- 
ther of them touched a perſon ſtanding upon the floor. Upon 
this the Doctor ſeems to have corrected his former opinion of the 
afflux and efflux of electrie matter: for he accounts for this fact 
by ſuppoſing, that as much electricity as was taken from the per 
ſon rubbing was given to him who touched the conductor, be- 
ing conveyed by the globe. By this means the electricity of the 
former of theſe perſons, he obſerves, was more rare than it na- 
turally was, and that of the latter more denſe ;: ſo that the den- 
ſity of electricity between theſe two perſons differed more than 
| that between either of them, and another perſon ſtanding upon 
the floor. In this manner- did Dr. Watſon diſcover, what Dr. 
Franklin obſerved, about the ſame time, in America, . called 
the plus and minus in eletricity.*  . .. 
DR. WarTson obſerved that the Rl * che Ks 5 an * | 
trified wire was ſenſible to the hand, as a cool blaſt of wind, and 
that when light ſubſtances were attracted and repelled. between 
an electrified plate and one communicating 1 with the floor, the 
ſueceſſion of theſe alternate attractions and repulſions was extre- 


| mely quick, ſo that imes the eye could hardly ne 


| * Ph. Tra abridged, ver 10 r. 369 6 
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with it; and that when a east Niobe of about-an-inch-in dia- 
meter, very light and finely blown, Was put into a plate of 
metal, and another plate hung on the conductor over it, the 
ſtrokes from the alternate attractions and repulſions were almoſt 
too quick for the ear. From this laſt; ee eee Kai Hikewilh 
deduced an' argument to prove the extreme velocity with 1 
they were attracted and repelled. He * * if thay .- were : 
let fall from the height of fix feet or more upon a wooden floor, | 
or even a plate of metal, they were rarely broken; but that by 
the attraction and repulſion of them between theſe p ates, though 
at the diſtance of no more than « one forth of an n Ae ae were 
frequently beaten to pieces. v1 85 cn 53 
Tur Doctor alſo proved, that eee paſſ Ted — 
the ſubſtances of the metal of communication, r not over the 
ſurface of i it, by covering a wire with a mis yon of WAX: and 
7 roſin, and diſcharging a phial through it. Betis an 
Mx. Monni1es the younger diſcovered, Gas Saby in not 
communicated to homogeneous bodies in proportion to their maſſes. 
or quantity of matter, but rather in proportion to their ſurfaces; 
and yet that all equal ſurfaces do not receive equal quantities of 
electricity, but that thoſe receive the moſt which are moſt ex- 
tended in length; that a ſquare ſheet of lead, for inſtance, receiv+ 
ed a much. leſs quantity of electricity than a ſmall ſtrip of the 
fame metal with a ſurface equal to that of a ſquare ſheet. 0 
gh NMR. Wix sou, whole curious obſervations! on the Leyden 
oY Phial 1 have been mentioned ina former ſectlon, claims no- ſmall 
Hare of honour in this. As early as the latter end of the year 
1746, he made the fame hora Be that Dr. Watſon had done, 
rom the globe, but from 


» Phil, Tranſ. abridged. Vol. 10 p. 369% f b. p. 338. 
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the 
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the earth itſelf, and from all other non - electrie bodies about the 
apparatus. He ſuggeſted a method of proving this in a letter 
10 Mr. Ellicort f Tor e med: eee ee pe rt, t et- 


from Dublin. ; s rei H » 194 6%. 
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38 bodies was owing to the different reſiſtance which a 


ſubtle medium, as he calls it, on the ſurfaces of all bodies gave 
to the paſlage- of the electric fluid; and conceiving that heat 
nid rarify this medium, and thereby convert electrics into 
ene he made ſome experiments which confirmed him 
in that ſuppoſition. He found that one perſon might commu- 
ate electricity to another, notwithſtanding the intervention of 
| erable quantity of red hot glaſs. He alſo made other 
eriments of a ſimilar nature, as diſcharging phials by means 
Gf. hot glaſs, hot amber, and various other heated electrics. 
Theſe, however, as Mr. Canton afterwards obſerved, might be 
owing. to the hot air upon the ſurfices of thoſe bodies, which he 
found to tranſmit electricity very well. But another experiment, 
which Mr. Wilſon made upon melted roſin, does not ſeem liable 
to that objection. He poured the melted roſin into a phial, and 
found that he could give ſhocks with it; but he obſerved, that 
theſe ſhocks diminiſhed as the roſin grew cold, bs oy non: it 
was quite cold, they entirely ceaſed. 3 8 
Ma. Wirson mentions a curious . 6 which; | 
Fino he does not ſay that he was the inventor) which he 
made with paper vanes ſtuck in a cork, and ſuſpended by a mag- 
net. Theſe, he ſays, if they were brought near the point of 
any body proceeding from the prime conductor, would turn 


Wilſon's Efay, p. 143. 
5 © Sn round 
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. OO but eule turn at all in vacud- 
blaſt he thought. was occaſioned by the iſſuing of the ele tric 
matter out of the point, which cauſed a current in the air; but 
he did not try what would be the — 
vanes to a point which received the electric fluid. RT 
___.LasTLY, Mr. Wilſon obſerved, that if a needle were — 
85 ed to a piece of down hanging to the conductor, it would cling 

dloſe to it; but that, upo preſenting any thing that was blunt, 
it would be repelled again; and ſays that Mr. w. ade ſe- 
veral curious experiments of the ſame kind. . 178 0 
Mn. SMEATON, within this period, obſerved, thus if 2 a man | 
who: was inſulated preſſed againſt the globe with a flat me. of 
his hand, while another perſon, ſtandinę 
lame, in order to excite it, the perſon — was + infulated — 
hardly be electrified at all; but that, if he only laid his fingers 
lightly on the globe, he would be electriſied very ſtrongly. + 
The ſame ingenious perſon alſo obſerved, that upon heating the 
middle of a large bar of iron to a glowing heat, and electrifying 

it. the electric power of the part that was heated was * 

as that of the cold part. || _ 
Fon ſeveral curious diſcoveries 1 to electricity, * 
within this period, we are indebted to the ingenious Dr. Miles. 
In a paper read at the Royal Society January 25th. 1746, he 
ſays that having excited a ſtick of black ſealing wax with white 
and brown paper, or clean dried flannel, he was able to kindle 
common lamp ſpirits with it. Comparing the ſtick of wax with 
the glaſs. tube, he obſerved a remarkable difference between the 
appearance. of fire from both, though he did not underſtand the 
reaſon af it. He ſays he found the luminous effluvia to proeed 


e Wilſon's Ely, 5 144. t w. 2.168, 1 lb p. . 1m. f. 149% 


Erie fre berween a ncldrifi 
. e le eee 
not at all, vrhen he lad put in iron came: in the center of is, 
to ſtrengthen it. It is ten after ſett 
upright in à cupboard, zee in cleric virre, and nave: ne= 
_ dert be exeited in ne ae degree 0 


ions his ente a tube of green ue 

but o a ſinall degree. E 

Tux ſame ingenious 3 — Gang time en dies ex- 
periment upon pieces of leaf braſs in a bottle hermetically ſealed. 
To theſe he found he could give motion by the approach of the 
excited tube, in the ſame manner as if they had been in. the open 
air; but one appearance ſtruck him of which he by no- means 
gives a ſatisfactory account. He obſerved that when he removed 
the tube from the exhauſted glaſs flowly, no commotion was ſeen 
in the leaf braſs, but a very briſk one upon removing it ſuddenly. 
Indeed this fact could not have been underſtood but by comparing 
it with other facts depending upon the ſame principle, and which | 
were not diſcovered till ſame years after. ER 

— From England, to which, as an Evgliſhman,. T Sings give, 
the preference only in matters. of abſolute. indifference, I DIO 


„ Willon's By, p. 317: + Hl Tan ddr vol. 10. p. 320+ | 


| got ned. 'phingolth cherte enmgebpticrts;: thewdll 1 


: r 10 Moycover' bſers 


periments, and which! was clie ſoufce of many others; 
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ra ribitys He ebſervedl u ſenſible blaſt from the hand pf a per- 

ſon nor electeifiecd, in the abovementionetd circu 
| on and Fepwlfioniof light bodies by thech, the 

the Uimmution of their Weight by ihereaſed eva- 
4682583 periphere. and reer. ppearance and 
ving that this pl Mntract- 
-wher rabbed with:a 
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aWis' put into n nie; by Bad te el of CES etodclut 
ed that it was an animal ſubſtance; and that it had been carried 
by the afflubntlelectiicity from his GI body to the globe. Ain 

Tur only miſtake of this ingenious Philoſop her in theſe ex- 


in che end, greatly dewildered and perplexed him was, that the 
electricity of the body, which was: plunged in the atmoſphere 
of an clectrifed body, Was of the ſame nature with that of the 
electrified body. Had he but preſerved the diſtinction, which 
Mr. Du Faye had diſcoveted, between the two electricities, and 
imagined that the body electrified, and that which was plunged 


in its atmoſphere were 
* Nollet's Recherches p. 142, 
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gew elestficieiss che might; bave been fled fte the groat diſcoveries 
made. Va; de, U eee — 1 
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x ofigle s abe, but did oe hows © rigs of ] Fort g 0 

eee N pin gp add, 8 
0 de termine the degree i in which different ſubſtances conducted 
the electric fluid; and found that the ſmoak of gum lac, turpen- 


tine, karabé, and ſulphur did. not carry away the electticity of 


an excited tube ſo ſoon as the ſmoak of linen, wood, and more 
Hy che ſteam of water, and the effluvia of burning tallow, 

and of oinp fatty ſuhſtances. In. ſhort, he found, that vapours, 
hich were not watery did very little, or no injury to: clerical 
experiment s Provided: the tube was-not: èxpoſtd i to them near 
noting —— room en Ln | 
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= war a Pal © AG rad Were ents 9 hekbbds 2pon: 
heat, and heated bdtlics. -vHedound,: that a piece of inon glow-: 
ing hot, ſo as to throw off ignited: particles, did not leave the 
fmalleſt trace of electricity in an cxcited: tube, to vhich it had 
boon;brought within-five at: fiæ incheb, and only held thete two- 
er. three ſeconds à hut it ceaſed ton aſſect tha tube: at the, fame. 
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Tur Abbe moiſtened, with water or ſpicix of wine; a lender 
a8 d pointed bar of i iron,” and thought that the blaſt from the point 


Sit» vnn mare ſendble than when it was nov n 5owhich 


* 216. 1b. 5. 10 5 1 Ih, po buns * w. p. 133. 5 hd 
he 
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te the. checuie, fluid * ing away wich it ſome og 


the — of the water, and of the ſpirit of wine? 
Sonax few obſervations the Abbe made on the Annes be- | 
tween excited, and communicated electricity, and between the 
ectrioity of glaſs and that of ſulphur. He obſerved, that the 
electricity of an excited globe or tube, cauſed an odd ſenſation. 
upon the face, as if a ſpidet's web were drawn over it; whereas | 
that effect was ſeldom produced by communicated electricity. 
Excited electricity, he alſo ſays, might be men the ſmell, 
at mote than a alt Ane e :omm 
con nat. +: 1115 118 unden lo ulde dad 8.23 
H x melted. en ina 48120. W by: turning it over a cha- 
ws diſh of burning, coals; when he obſerved, that ſmall pieces 
of ſulphur, before they were melted, were attracted and repelled. 
by the glaſs, within, at the ſame time that the aſnes of the coals 
were attracted without. Holding a piece of excited ſulphur 
in one hand, with a piece of down ſticking to it, and ready to 
fly off, the down, he ſays, would cling faſt to the ſulphur, upon 
goon to it an excited * tube, which he held in his other 
hand.“ ONT HH 
IsSuAl L, in Saks laſt place, recite 1. Abbé Nollet's « experi- 
ments made in vacuo. He found that glaſs, and other electtics, 
might be excited in vacuo, - but not ſo. ſtrongly as in the open 
air. 4 He obſerved that there was a remarkable difference be- 
tween the appearance of the electric light in vacuo, and in the 
open air; being much more diffuſe, and unbroken in vacuo. * 
Inſerting the extremity of his conductor into an exhauſted glaſs 
veſſel, he obſerved the veſſel to be full of light, whenever he 


brought his hand to it; "that the light was conſiderably increaſba 
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ond aht Hund ber it; Gi thar ite are wad 
taken from the conductor, the l 
light. | He alſo obſe V 


whole veſſel ſeeted to be full of 
/ that ſmall pieces of metal, incloſed in 
to the glaſs; but detached themſelves 


from! „on the approach of the —_— or of any ame on 


tur Wund, ü 402 50 29912 Doing {28 Jo 
Tu RE are a few other names of e 


ricians in Fries, mY 


experiments and obſervations, made within this period, deſerve 
to be mentioned. Of theſe is Mr. Bc langer. He took great 
pains to determine the degree in Which different ſubſtan- 
ces are capable of being excited. The experiments, he ſays 
were made with the greateſt care: and though the ſtate of the 
ſcience did not admit of this buſineſs being determined with: 
great accuracy, it may not be diſagreeable to ſee the reſult of 

em; which he has in the following table, begin- 

_ with thoſe that are leaſt nn. in Ge nem (07G 1997 
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Tut W which this amber dave Gio . e e is, 
that the moſt brittle, and the moſt: tranſpar' ent ſubſtancen are 
always the moſt electric; and he has recourſe. to an awkward 
hypotheſis to account for the marcaſites not being excitable at 
all, 2 they are both brittle and tranſparent. He 
ſays it is owing to condenſed, air nn in e dab dane, 
which is known to prevent excitation..e 0 
Tux ſame author ſays, that mineral waters are i 4 
fibly affected with electricity than common water; that black 

ribbons are much :ſooner attracted than thoſe of other colours; 
and, next to them, the brown, and deep red - 
Mx. LS Car, a phyſicien at Rouen, who has diſtinguiſhed 
himſelf by ſeveral performances in the learned world, ſuſpended: 
feveral pieces of leaf gold at his conductor, and. obſerved, that 
they hung at different diſtances, according to their ſizes, the 
ſmaller pieces placing themſelves nearer the conductor, | and;the 
larger receding farther fromit. This he compares to the diſtances. 
at which: the planets make their revolutions round the ſun; and he 
| ſuppoſed the cauſe to be the ſame in both. The ſame author very 
particularly compares che dean ſhock, which, bad. Juſt been 
g diſeovered, to thunder. / angles 15, 
GxRMANAv affords but few articles for the gledrical. hiffory of 
this period; one of them, however, is curious, and. well deſerygs. 
to be tranſmitted to bur. Mr. Gordon of. Erford fiber 
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Prx VIII. Sec. III. of r E GERMANS. 
thee eaticity of 2 et W ſtrongly, that, when it was cormu: 
bicited b y iron chains, it fired Ipirits of wine. 
Tx has deen mentioned before,” that ſever mn 
read," as well as in England; had found, that if the man'who 
rubbed the globe ſtood upon electries, ſparks were perceived 
upon touching him; but Meſſrs. Klingſtierna and Stroema, 
two German profeffors, were the firſt who propet by electrifed 
tien rover abel wer cupertinents were publiſhes in the 
ae Royal Acdllenny” ef ſeiences" at 'Stvekholm for the yar 
1747. #* Aren: geen (40941 N S301. 497 A Miene Alt 
; Mx. Jart amet, rofeſſor of philoſor y at Geneva, found 
that 4 coating of pitch did not prevent the conductor from be« 
agel which Pen thur the cleric fluid enrers the 
ſubfkance of metals. 1 alſo proved, that vas a conductor 
of ckecttieity, dy making the pr gs SN: n 2 Bone 
in which water was frozen. T ehe 
Fur amazing and extenflve effects of dk@richty' hr chore 
"rink e philoſophers'look for it vrhere it had not been ſuſpected 
before. The firſt account that is given of wollen garments-be- 
ing obſerved to exhibit figns of electrici ity,” when they. were put 
off, after the flaſhe: of light they gave were known to be owing 
electricity, was ſent to the Royal Society by Mr. Coke of the 
dle bf Viglt, who ſays, that a lad) of his acquaintance obfery- 
ed it ; and tllät it was alſb at laſt found, that it was only new 
flannel, and after ſome time wearing, which gave that ee 
ance, and that this property was loſt hen it was Waſhed- |; |: 
Tux fame appearance, he Wed upon Ascher corifion; 
was moſt conſpicuous in froſty weather 5 in which ſeaſon he takes 
8 , that there 1 18. generally, not only a abi purity of the 


TIC fluid 


ek | ®Nollet's Recherches, p. 58; _ + Wilcke; p. 112; f Hiſtoire, p. 95, 96. 
" | Phil. Tranſ, abridged, Vol. 10. p. 343» 


"WOE, 25 > 

} * * 2 — 
i "os an 1 6 
: ES EAST: - Ga $319 


Rr. I. 
2 3 k 


% 21410 2DSSCOF ARIES n 55 . 
ce mp 


ſtances (for hairs 38 
en and conſeq 


Ic be ſap ſal hv ye 
ently ſuſceptible of, and more. capable of 


ng. ſtrong; vibrations. He ſays, that the flannel being cen- 
amp with n 2 dee dry, would heighten 


wi il, Wade 51 — 


appearances had b _ n e times on before Barthelin, 
By Houriſhed in 16 50, wrote a book De luce animabium, in which 
he, © ſuppoſes, that unctuous effluvia had a great ſhare; in thoſe 
FIG The fame writer ſays, that Theodore Beza might 


n by: A light proceeding from Wis 8 ws and that parks 
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y pon: ab mein 1 But Sn Ages —4 ay 9 5 ohe 
had uy particular hairy, or ſcaly ſuperficies to his ſk; 

„ SiarsoR, who, publiſhed. a philoſophical. diſcour 
ſomentmtion.; dedicated to the Royal Society. in 1675, alſo take 
notice of the light proceeding from animals on frication, or pec- 
tation as he calls it, and inſtances in the combing of a woman's 
head, the ourrying of 2 \ borſe, and e of a cat's back. 
Mx. Cray rox alſo, in a letter to, Mr. Boyle, dated June 
22. 1684, at James town in Virginia, gives him an account of 
2 ſtrange accident, as he calls it, which happened to one Mrs. 
Sewall, whoſe wearing apparel emitted a flaſhing of ſparks, which . 
were ſeen by ſexeral perſons, The like rg to. Loy. Bal- 
* her II other in law. 190 86 31k r 
eee conclude thie- Keldiog vith what]. can 550 0 this 
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_ 1: Mgz2MonNbex-the younger. whoſe name A HW bh 
nientioned in the cbunſe of this hiſtory, uſed glaſs ſpheroids 
inſtead of globes, and endeavoured to increaſe his electrical pow 
er ib uſing ſeveral of theſe ſpheroids at à time g but he found. 
upom trial, that they did -not-anfiver; his expectations: and was 
thence diſpoſed to conclude, that there might be a ne plus ultra 
in tlie intenſity nenn he heat communica- 
ted: to boiling water.. om o zom d ion eg g 25H 


42330 


TIR power of glaſs. in cledtifying being ſound to be ſo great, 
it is no wonder that philoſophers ſhould endeavour to find; what 
kind of, glaſs Was capab e of being excited to the greateſt degree. 

Among other propoſals we find a very memorable one communi» 

cated to the Royal e e 1749, by Mr. George 
s:Boſez:: of Wittemburgh. He ſays, that a glaſs ball 

which has: often been employed in violent diſtillations, and other 
hymical operations ſends forth electricity incomparably more 

ſtrong, than any glaſs which had never. been expoſeſd to ſo violent 
2 fire. Fhis article is the more curious, as it ſhews us how. 
much philoſophers at this time piqued themſelves upon diſco- 
veries in dlectiicity. He aſſerts his being the firſt perſon who 
ever mentioned. this notable circumſtance, as he calls it, and 
deſires Dr. Watſon to whom he communicated itz; to to let him 1 
have the honour of that! neee the e Trans 
actions. Þbs <3 gue: d2 ©292063 du) Sidrzogey Bom 1564: cy 34611862 
3 Was within this period that: Dr. -Watſon,contriv ed to im- 
prove the ſtrengih of oleftriaity by moiſtening the, rubber ef his 

globe, though he was not aware of Al che reaſons for it. Ha 
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| e 
h ridiquled by the author ire e Electricite. 

j NIE. Wal sont ſays, that if the cuſhion (which he made of lea- 
ther) was gilt with filver, braſs, or copper, it would. .do. very 
and that the ſilk line on vhich the condi tor hung ſhould 
red f 0 low. Þ; The table, he Las, ſhould. ſtand on moiſt 
J round. oria wire paſa from the machine to the e eee t 

Dx. Warsox alſo found, that though no electricity cou = 
pro duced by rubbing the globe with original ledrics peifetly 
dry, yet that they, KR very. well when they had been made 
moiſt; the water imbibed b thoſe ſubſtances ſerving as a canal 
of communication to the electricity between the h nd, or the 
cuſhion, and the globe; in the ſame: manner as the air, [replete 
with vapoprs in damp weather, prevents the accumulation of the 
electric matter in any conſiderable degre :, by conducting it as 
faſt as excited to the neareſt; non- electrics. He obſerved. on the 
contrary, that moſt vegetable ſubſtances, though « made as dry as 
Ne furniſhed 1 * in $4 op e 1 He 
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pow 54 1 he entine upon 
piece of woollen ah tl acer ace very powerfully, = ue that the 
eaſt water mixed with it prevented the excitation. WIE 2nt 
VV 
bade kind of gals,” and f the Mike fächion, one of them tranſ- 

With "ou. vlog, inhe- her 


Ps In ano ch ir e he tpi 6 ht | RAE meine 
lines in thickneſs wall acquire a ſtronger, and a more laſting elec- 


" tricity TILE cylinder of one line thick. He alſo ſays, that « one 


d perſon s two hands, or one cuſhion is better than more. 9 


Azovr the ſame time that Dr. at ſon; made his firſt experi- 


ments upon the Leyden phial, Mr. Canton diſcovered a method 


by which the quantity of electricity accumulated in the phial 
might be meaſured to a good degree of exactneſs. He took the 
us phial in his hand, and made it give a ſpark to an inſula- 

ted conductor, which ſpark he took off with his other hand. 


This operation he repeated till the whole was diſcharged, and 


N he eſtimated the height of the charge by the number of the ſparks. 
This is a pretty certain and exact method of knowing how high 
a phial has been charged: but what èlectricians chiefly want is a 


method of aſcertaining how high a phial ar charged, or the exact 


3 force of the charge while it is contained in the glaſs, _ 
'  SomnTwNG of this kind was done by Mr. Ellicott, in the 
ſame year 1746. He propoſed to eſtimate the ſtrength « of com- 


mon electrification, by its power to raiſe a weight i in one ſcale of by 


a balance, while the other ſhould be held over the electrified 68 
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dy, and pulleg:to it by its attractive power. 6 NIr. Gralath alſo 
conſtructed! an elerometer upon the ſame principle. to 55515 
Tur Abbe Nollet applied 'the threads that Me. Grey and Da 
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Faye had uſed in electrical” experimbnts, to ſhow the degree of 


= 


electricity He bung two of them r, and obſerved the 

pl of 'thelr divergenice; by means of the rays of the ſun, or 
the light ef candle, and their ſhadow upbn A board placed behind 
i "Mir. Waits allo thovght 6f the ſame kind of electrometer, 
with this improvement, that he Tolded: the ends 6f cheithreads 
with Ga gt 3 F 9 on” ** achte nl 
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4 (had tivt been attended to, farther than the mere ſhock 
the Leyden phial. But we ſhall now ſee a curious ſet of experi- 
ments on this ſubject exhibited by the Abbe Nollet. The Eng- 
liſh philoſophers,” who led the way in almoſt every other appli- 
cation of electricity, were among the laſt to try its effects upon 
animals, and other organized bodies. The only article that 1 
can find upon this ſubject, before the diſcoveries of the Abbe 
Nollet, is one of Mr. Trembley* s ; who ſays that ſeveral perfons 
had obſerved, that while they were electrified, their pulſe: beat 
a little faſter than before. He ſays, that he himſelf, after hav- 
ing been eleQrified a long time together, had felt an odd ſenſa- 
tion all over his body, and that ſome perſons had felt vary ap 
pains after being electrified.“ ; 
Tux ingenious Abbe Nollet begins his n wich the 
eva poration of fluids by —— They were made with the 


4 Phil, Tranf, abridged, Vol. 10. p. 31. | 
8 2 greateſt 


| * ? NAB * A PAR ral 


2 g 4 as 15 „og oi 615 39% Done i 
„ Lasern augments the natural evaporationof fluids; 
* ſince, excepting me ry, Which ie toheavy; kat the vil of 
r olives, which is too ot others which were trienl 
« ſuffered a diminution Rn n not be aſcribed to wa other 
46 cauſe than electricity. n, Dobo Din .QLE F542, vet, Ba 
925 — waar din 15 the evaporatior ofthow. fluids 


% Nabe 02 t — ammonize ſuffered a-greater-loſs 
« than ſpirit of wine, or turpentine; theſe two more than com- 
« mon water; and water more than vinegar, or the ſolution 
« of nitre. {i I ii ole 2 13 0] DIDSS2014q It; 5013 1. 


« than when they were of aa, 2 NAR 
| 4 + homo increaſed evaporation was more conſiderable | 
wh hich nerd the bee ore ere. but tha 


0 is veſſels, hol apenturs. 
« was four inches in diameter, though they preſented to the air 
7 Le ſurface ſixteen times larger than when they were contained 
in veſſels whoſe aperture was one inch in dis meter, tl | 
& Wee far from dt rer tion proporti 
that difference. e eden e e 

« © 5. ELECTRIFICATION does not makes any liquors evaporats 
through hos Gabe of metal or of bt ene after 


11 ats een Were e ten bent, the 1132 
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md b as; 3 
courſe on ſolids of / various kinds, the reſult. of which was, that 
they loſt weight only in proportion, to the m 10 | chen canin. 
4 and the openneſs of their pores. -- | ona 

Tux Abbe alſo. extended his expe cn —_ . ſenüble 
jualities af bodies, as their ſmell, their taſte, and chymical 

propecties; but found. no change in aa of them, after a ſtrong 
5 wood continued electrification ofa varicty of ſubſtances. . Electri- 
keation did not affect the power of the magnet, and neither re- 


FT. : 


1 2 of bodies. 4 


He then ap rg bh * electrification of a tubes, 
e Mr. Nollet | * vater wal 
iſſue in à conſtant ſtream; when, they were electrified; whereas 


it would _ _— es — without ** mene, Eve 


opher was un will — on fit appearanges, 
and therefor — aſcertain the fact, by, meaſuring; the. 

times and che quantity of 1 And, in order to. 
know if the acceleration ſuppoſing there were any, was uni- 
farm, during the whole dime of the running out, be made uſe, 
af ve Capacities, terminating in pipes of differons. 
bores, from three lines i in . diameter, to. the ſmalleſt capilla». 


riss. 8 210 oup⸗ E Nas Str od on 


vali the OY nating it fh ach 2 matt 10 5 bog y 


n „ 5% 1. e. 333. 23th; b i. m p. 343.0 
By BN ett ___ concluſion. 


in Ten the following reſult of above 
H. Tux electriſied ſtream, though 
the liquid farther, is neither ſenſibly aecelerated nor retarded; 
« when the pipe throt gh nnn 6g Teſs dan * lite in 


44 


70 * diameter. on eg tt Fo: aka Sf e the, how: 
2. Uxbzn this ee if the tube is ite enough to let 
« the liquid run in a continued ſtream, electricity aocelerates it 
« a little; but Jeſs than a perſon would i imagine, if he judged 
* by the number of jets which are eee eee the 3 
9 to which they ge n NMH 
* 3. Ir the tube be a derne one, nen which prague 
& « only drops naturally, the electrified jet not only becomes a 
*- continued ſtream, and even divided into feveral ftreams, but 
« is alſo conſiderably accelerated; and the ſmaller che capillary 
2 tube is, the greater, in proportion, is this acceleration 
« 4. So great, is the effect of the electric virtue, that it drives 
6 « the water in a conſtant ſtream out of a very ſmall capillary tube} | 
out of which it had not before been able even to drop. 
Tur moſt unaccountable of theſe experiments, as the ingeni; 
ons Abbe acknowledges, are thoſe which ſuppoſe a retardatian 
of the electrified current, and he long doubted the fact but a 
great number of experiments, carefully noted in his journal, 
obliged him to admit it, - though ſtill bens hefitation,? and ta 
account for it in the beſt manner he cou lich, indeed, w 
not very ſatis actory. + SOLES bt ions elt 
True beautiful appearance of theſe ſtreams of 3 akin 
when the experiment was exhibited in the dark, is particularly 


* Rechorelics, p. 307% dur Teanſ.abiidged, Vol. . 5 565. + Rechotelies/-p. 55). 
bs aha | deſeribed 


nn 


Pero KU. sac. IV. 1 THE ADO NOLLET. | 2 


Meiſrs. 
* el N 4 8 eee Unis rt 11 of 
ſidere un organized bodies as dane of 


* room if 


and often diy iſfae out mer In conſequence of this iden, he 
imagined, het che electrie virtue might poſſibly comm 
ſome den do tho fap of vegetables, and allo augment git in- 

nfble: perſpiration of animals. He began with the following 
expetittents,. the reſult of which confirmed his ſuppoſition. + - 
= electi fied for four or five hours together, fruits, green 
ſpung Ow in water which he had carefully 
reighed; and found experiment, all thoſe bodies 
. were © cecaciliably: kghter ths ah of the ſame kind, weighed 
with them, both before and after h e ge and en in 
the fame place and temper.. 1 
| Tux electrification of E gronin ace was firſt FU in 

in. bray Adi burgh ee two..myrile 


Reis aku Gon 
ot been electrified. 


che two was cleftified fifteen Peary for two apa 
and ſometimes four hours a day. The. | | 
eee Dot ales ſhewed the 


est *. # w. . PTY 2 Phill Trank, | 
bo 1b et | (Recherches, p. 356. 


41 2 4 A « 1 


Mr, Nollet, 5 


* 


Fee of ſhoots, and thoſe 3 in a vide which 

made him believe, that the electric virtue helped to open und 
y the germs, and thereby to facilitate the growth of — 

wever, - Der e philoſopher only calls a co 

ich requir To ther Yeats . been he fp | 


Treater ang. are not let att as ſt 
ing. 901 1320099; FFC „HOH 
Tur a. . . axdrping: on about the fame time 
| bij Mr. Jallabert, Mr. Boze, and the Abbé Menon, principal of 
the . pp Buell at n who all cow the ren conclufi- 
: ons from t them. T | 39330 
Trax { Abbé choſe Pn pairs ef ee of + different kind 
cats, Pigeons, chaffinches, ſparrows, &c. All theſe he put i ini | 
ſeparate wooden cages, and weighed: them. One of each pair 
be electriſied for five or fix hours together, and then weighed 
them again. The reſult was, that the electriſied cat was com- 
monly ſixty five or ſeventy: grains lighter than the other;: the pi 
geon from thirty five to thirty eight grains, the chaffinch or ſpar- 
row ſix or ſeven grains. In order to have nothing to charge 
upon the difference that might ariſe from the temperament of 
ae individuals he happened to pitch. upon, he repeated the ſame 
experiments, by clectrifying that animal of each pair which had 
2 been electriſied before; and, notwithſtanding ſome ſmall va- 
rieties which e ee the electrified im nee, 
Lighter than the other i pe tion 41 : N ne 1 1122 3 tl 


- .-# Recherhts, Þ, 35, be. ul rant abridgejl, Vol 50. pe 3% 
+ Recherches, p-. 357 t Th. p. 366, &c. 


Fan 


ws, he:had in6:doube bivthaticle rich 
of animals, but it * 
in the ratio of their bulks, 
bes opinion Was, that i it 
nat: thejotherg ſtrictly ſpeaking, but in 
more nearly approaching the latter than the for- 
| whe —— there was no room to apprehend, 
hat a human perſon-eleftrified. would; loſe near a fiftieth part of 
his weight, as it appeated to him that it had happened to one 
fort of bird; nor 140th. part, as to the pigeon, &c. All that 
he had then obſerved upon that head was, that a young man or 
voοnn between the ages of twenty and thirty, from being 
ledrified five, hours together, had loſt, ſeveral ounces of their 


weight, more than, they were wont to loſe. when they were not 


a ee their ſurfaces: The. 
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dſerves,. chat. uo. inconvenience whate ler was felt, 
| ted, to be electriſied in this manner. 

themſelves. a; little; exhauſted, and had got a 
te. e adde, chat none of them found, themſelves, 
warmer, and that deen eie, . 5.chein 
Was increaſed. Miranda ec greet pits f 
1 T RESE, laſ experiments on human . Laure ſt ob yes, 
We eat 60 parſus. with, exattneſs, becauſe the, Houthings 


s Our forming a good deren een. hole elſe of 
da er Leere — A 


' DISCOVERIES! or rr 
. . 8 < - * * K ® * % 7 : 1 ' * + aa my * 3 a 1 i 5 1 A RT 15 5 
| . * \ ; : 


{ ring all thoſe effects 1 produced, ab; ſtead. of -eleQrifying | 
1 . which o was  clefrifed. "He rites, a thick ſpunge in water, 
: 1 pieces, end then weighed the parts ſeparately, 


4 that, after an ele * way ff five oe ix — that puts eee 
* ſpunge which was nearer to the electrified body had loſt more 
Z weight than the other. From this fact he concluded, that if 
any part of an animal body was preſented to a large electrified 
ſubſtance, it would barbie more than the other, and that per- 
| haps obſtruRtions nrg 'by this means be rende aa hl 

pores of it. 838 
Tux experiments above pies . Mr. Nollet 105 no means 
ſatisfied the Engliſh philoſophers, a d particularly Mr. Ellicott, 
who made experiments to refute. the theory which the author 
had deduced from them. He obſerved that the {yphon, though 
_ electrified, would only deliver the water by drops, if the baſon 
2 in which the water was contained was electrified too. But this 
does not invalidate Mr. Nollet's curious experiments upon the 
mw 115 ſabjet of evaporation and perſpiration. For when an animal | 
= . body is electrified, there is always non- electric matter enough 
in the atmoſphere, to anſwer the purpoſe of the unelectrified 
baſon, in the experiment of the capillary tube; 3 thereby to cauſe 
Aa continual exhalation of the perſpirable mattter from the pores 
of the Kin. Beſides, the capillary tube will, in fact, unite the 
vater in a conſtant ſtream, when it has only the open air to 
throw it into. In all debates upon ſubjects in natural n. 


8 


he hk — 10. f. 3868894 
4. yy phy, 
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phy, facts ought only to be oppoſed to facts: The veracity of 
the Abbe Nollet is not to be called in queſtion; though it muſt 
be acknowledged, that, in his later writings, at a time when 
his favourite ſyſtem was in danger, he makes —_ EE _ 
1 to the facts that nearly affect it. 
To account for the appearance of light, which ! in bene 
caſes, to ĩſſue from a non- electric body preſented” to an excitec 
electrie, and which Mr. Nollet thought to be the affluent matter, 
Mr. Ellicott ſuppoſes that it was the light which had come 
from the electric. In accounting for the ſuſpenſion of leaf gold 
between an electrified and an unelectrified plate, Mr. Ellicott's 
theoty made it neceſſary to ſuppoſe (what Dr. Franklin af ers 
wards found not to be fact) that the leaf gold will 3 _ b 
hes — nearer the unelectrified than the electrified plate. 
Is his anſwer to Mr. Nollet, Mr. Ellicott alſo eadsewonft b to 
account for the electrie matter iſſuing from a point at the extre- 
mity of the conductor, more ſenſibly than if it had terminated 
round or flat. He fays that the effluvia, in ruſhing from the 
globe along the conductor, as they approached the point, were 
brought nearer together, and therefore were denſer there than | 
in any part of the rod. Conſequently, he ſays, if the light! be 
owing to the denfity and velocity of the effluvia, it will be viſi- 
ble at the point, and no where elſe. This, as far as I can find, 
was the firſt attempt to account for this phenomenon but it by 
no means accounts for the whole virtue of the conductor being 
diſſipated from ſuch points. Indeed, it is no wonder that the 
influence of points, which are but imperfectly underſtood even 
at this . rene too difficult a problem ſo many N 
ago. * 
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bil. Tranf, abridged, Vol. 10. P. 393. 
1 2 2 5 


— 


Tux HIST 0 N * br Wee 2. nn 


bo "Te will, now, be univerſ 

very great merit in theſe experiments e Nollet, made. 
upbn animal and other organized bodies. He opened à new 

and noble field of electrical diſcoveries, and i he | ere them 
with great attention, perſeverance; and 'expeni 


: riments have not, a far as I can find, been reſumed and purſu- 

e y electrician ſince his time, though there ſeems to be 
to improve upon what he began. The only method 
PE which they can be condutted to any ' purpoſe, would be by 
the help of a machine for - perpetual electrification, to go by 
wind or water; which would, likewiſe, ſerve for many other 
capital experiments in electricity. * ene of electrici 
1. eee may perhaps: 'be of u > uſe in medicine, than 


carried the 8 on plants 
Abbe. Nollet had done 3 and, by electrifying 


: 88 which hs plants were growing in water, and placing 


inthe. lame expoſure other benden. containing plants of the ſame 
kind proved, in the cleareſt manner, that the electriſied plants 
eee grew: faſter, and had — ſtems, leaves, and flowers 


* 


than 1 thoſe which. ane N electrified, and n ſumed More o 


their. Water. x 
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u ce buntes of chis Binde y wee Have neee of 
N 122 — perſons attending to all the eſſen- 
tial circumſtances of facts but nothing we have yet feen equals 
what was exhibited im the years 174% and. 19748; Mr. Grey's 
deceptions were chiefly owing to his miſtaliug the cauſe of real 
appearances j but: in this cafe w can hardly help thinking; that, 
not only the imagination and judgment, But even all the exter- 
nal ſenſes of philoſophers muſt have been impoſpd upon It was 


theſe: extraordinary diſcoveries) and, after him, by Mer: 


at Bcbegna! Mr. Bianchäht Turin, and Vin, Winckler ar Leipflok, 
thatif odordut-fabſtatces wers confined in- glaſs veſils, "and the 
veſſels excited, the odours) and oth | [medicinal virtues would 


tranſpire through-the jlafscl infec the atmiuſphere of the: conduc- 


tor; and:commudicate the. virtue to all .peoſons in contact with 
it; alſo chat thoſe ſubſtances, held i in the hands of Perſons, elec- 
$ id tae 
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aſſerted by Signior Pivati at Venice (ho has all the merit of 
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trified, would communicate their virtues to them; ſo that me- 


dicines might be made to operate w 


ithout being taken into the 


ſtomach. They even pretended to have wrought many cures by 

. the help of electricity applied this way. Some of the more cu- 
rious of theſe pretended experiments deſerve to be recorged, ior 
ow entertainment and inſtruction of poſterity. 


Tux forementioned Signior Joh nnes Franciſco Pirat, a ber- 
fon of eminence at Venice, _ in wot Trelian 770 W 


va one i 4 Mehr — Wer 
before the excitation of it, not the leaſt ſmell could by any means 
be diſcovered. A man who, having a pain in his ſide, had ap- 
plied hyſſop to it by the advice of a phyſician, approached the 
cylinder thus prepared, and was, elected by, it, The conſg- 
| ſequence; was, that when he went home, and fell aſlcep;' 
ſweated. ani the power of the balſam was ſo. diſperſed, that eyen 
his cloatlis, the;hed,! and chamber, all) ſmelled of it. When 
he had refreſhed himſelf bye this ſleep, he combed his head, and 
found: the balſam to have penetrated. his hair; ſo that the very | 
comb was perfumed. Amgbuf bus Holen! qa 5 vin O JON 
Tux next day, Signior Pivati ſays, be electriſied a man in 
| a Gre memes, who knew nothing of what had been 
done before. q On his going into eee e half an hour after- | 
Wards he found a \graduab warmth} diffuſing ĩtſelf through his 
whole body, and he grew more lively be bab ren vfual: 
His companion was ſurpriſed! at an odour and cduld not ima- 
gine whence it proceeded; but hei himſelf petegivedi that the 
fume aroſe from his op body, at which eech ſars 
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priell, not having the Jedi faſpieion hatt it l. wingito thi | 
operation: Which Rad (denn performed! upon him b diggler 
Pivatia® .- 24401 00 rid Sale 80 SAN" 1974, * 10% R071} (31 wo ye) | 
Mx; WineKLER of Leipfick;) being: ſtruck with ſo ertfacrdll 
nary a relation, avs. that he v. . | p 
of electricity on certain ſubſtanoes in the ſame manner, aul clit 
he found the event to confirm what had been related. ＋* r 
Hf put ſomè beaten ſulphur into a glaſs ſphere, 10 well cover- 
ed and ſtopped, that, PP ns iv ober tlie fire, th ere 10 
5 n the ſp ere was cold 
woes mance pi on con " ing — filled the air, 
ſo as to be ſmelled; at the diſtance of more tha u ten feet. He 
called in a friend well verſed in electricity, profeſſor Haubold, 
and ſeveral others, as witne es and judges of this Gi; Bae inp 
were preſently driven. away by the Rench of the fulpt W. He 


npregnated thereby, that his body; cloaths, and breath 
retained hi odour, even the next day. ' On repeating this expe- 
riment ip the preſence of a perſon who was converſant with the 
effects of ſulphur, the ſigns of an inflamec d blood were abe in 
his mouth on the third day. . Sen ni nne n n 9214 e243 
Arx this he tried the effect of a more agreeable ſinell, a1 5 J 
filled the ſphere. with cinnamon. When he had Neat chis/ns 
before, the ſmell of cinnamon was ſoon perceived: by the com- 
pany, and the whole room was in a ſhort time ſo perfumed by it, 
hat it immediately. affected the en all who came ia, 1 che 
odour remained the next da. # 


balſem of Peru with ths ke deset, when his 
S, © Ph Tra abjidged, Vol. 16 . . En. 


rong of it, that, going abroad to ſupper, de walt | 
often, aſkec ht, zernpeer Abet perfume he had ubbut Him. 
The neadgs when Mr. Wancrer! was! drinking tea, he ſays,: 
he found an unuſual ſweet taſt -owing te er tho bu. 
ſam that Kill re 7 ined in his: wouth 1 ye Hã n ed 
. . LY fow days, when: the ſphere. ha ola the cent of the 
balſam, they let achain out of the chamber window 
edit th ou gh the open air into anothe n wem detactied' frbm the 
former, Here the Suſpended the chain,on-ilken)liries) and gas 
it anto- tothe; hand. of a man. hd alſo ſtood on extended (ken 
lines, and; knew nothing of their purpoſe. Wien the electtieity 
had been ꝑxcited for ſome:tioie, the inan was aſlced whether he 
ae nx thing; and, on Mi luf 


hog up his noſe, hefaid he did. 

alked: again what: ſmell it was, he ſaid he did not know. 
VI the el Gtrification had been continued for About i quarter 
af an hour, the room {melled ſo ſtrong of it; that the man, Who 
knew nothing of the balſam, ſaid his noſe was filled with à wert 
ſmell; like that of ome ſort of balſam. After ſleeping in a Hbufe, 
a gonſiderable diſtance from the room where the erpetiment was” 
tried, he roſe very chearful i in the morning, and found a more | 
nleaſant taſte than ordinary in his tea, Ef 
sa ALA, only give an account of two ae of in elfe of 
; mater this manner. The aſſiſtance of Signior Piva- 
egelebrated inyentor of this improvemeit in electricity, 
Was . n lored b. 7 a young gentleman, who was miſerably afflict- 

ä * by a quantity of corrupted matter collected in his N that 

eluded, al] he: a Ph of the phyſicians, signior Pivati filled a 


5 i 9 n 28 . ” 4 2 q - 
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bs cee "OA proper materials ; 5 and, hating; dledrified! it 
wi ſparks from the part affected, and continued the neee 
for foil minutes. When the patient went to bed, he had a good 
night, and a mitigation of his pain. When he awaked in the 
morning, he found a ſmall red tubercle on his foot, vrhich only 
itched, as if a cold humour had flowed through the inner part of 
bis foot. He ſweated every night for eight days Wn _ 
at the end of that time was perfectly well. 
AFTER this, Signior D Donadoni, biſhop, of tn came to 
Signior Pivati, attended by his phyſician and ſome friends. His 
lordſhip was at that time ſeventy five years old, and had been 
afflicted with pains in his hands and feet for ſeveral years. end 
gout had ſo affected his fingers, that he was not able to 


them; and his legs, ſo that he could not bend his knees. 110 
this deple rable ſituation, the poor old biſhop intreated Cgplas 
Piyati to try the effects of electricity on him. The electrician 
undertook it, and 2 after the n manner. He 
filled a glak 

ſo, that the ee virtue er d enter into che patient, th 5 
preſently felt ſome unuſual commotions in his fingers; and the 
action of electricity had been continued but t two minutes, when 
bis lordſhip opened and ſhut both his hands, gave a hearty 
ſqueeze to one of his attendants, got up, walked; ſmote his 
hands together, helped himſelf to a chair, and fat down, won- 
dering at his own ſtrength, and hardly knowing whether it was 
not a dream. At length he walked out of the chamber down 
a without oy afiftance, and with all the alacrity of a ns 
man. * . 5 
A! VARIETY of facts of this nature e being publiſhed, and ſeem- 


e Phil Tranſ. abridged, vol. 10. P» 403. 1 8 ; 
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ingly well atteſted, engaged all the electrici: abe Europe tore 
peat theſe experiments; but none of them could ſucceed but 
thoſe mentioned above. An excellent remark of Mr. Baker's; 
who adviſed trying all theſe experiments, notwithſtanding their 
« mantie as theſe things may ſeem, they ſhould not be abſolute- 
ly condemned without a fair trial, fince we all, I believe re- 
«© member the time, when thoſe phenomena in electricity, which 
are now the moſt common and familiar to us, would have 
4 been thought deſerving as little credit as the caſes under con- 
_ « fideration may ſeem to do, had accounts of them been ſent. to 
4 us from Rome, Venice, or Hg and had we e 


1 rienced them ourſelves. # — _ 


Jo fee theſe wonders, a to be: affured of their uch or 
fallacy, Mr. Nollet, who was deeply intereſted in every thing 
hat related to his favourite ſtudy, and who ſet no bounds to his 

labour. or expences, in the purſuit of truth, eyen paſſed the Alps, 

and travelled into Italy, where he viſited all the gentlemen who 
had publiſhed any account of theſe experiments. But though 
he engaged them to repeat their experiments in his preſence, and 
upon himſelf ; and though he made it his buſineſs to get all the 
beſt information he could concerning them, he returned, con- 
vinced that the accounts of cures had been much exaggerated z 
that in no one inſtance had odours been found to tranſpire through 
the pores of excited glaſs ; and that no drugs had ever commu- 
nicated their virtues to perſons who only held them in their hands 
while electtified. | 

HE had no danke, a. but OR boy 8 equi 
fication, without drugs, ſeveral perſons had ſound conſiderable 


* Phil, Tranſ. abridged, Vol. 10. P. 406 — 
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| relief in various diſorders 3 particularly, that a paralytic perſon 
had been cured at Geneva, and that a perſon deaf of one ear, 
footman who had a violent pain in his head, and a woman Who 
had a diforder in her eyes were cured at Bologna. x 
Tur Engliſh philoſophers ſhowed no leſs attention to this 
ſubject than the Abbe Nollet. The Royal Society had received 
an account from Mr. Winckler of his experiments, to prove 
the tranſudation of odoriferous matter through the pores of ex- 
cited glaſs; and none of them ſucceeding here, the ſecretary was 
deſired to write to Mr. Winckler, in the name of the ſociety, 
deſiring him to tranſmit to them, not only a circumſtantial ac- 
count of his manner of making the experiments, but likewiſe 
ſome globes and tubes, fitted up by himſelf, for that purpoſe. 
Tuxsx veſſels, and directions how to uſe them, Mr. Wiack- 
ler actually ſent, and the experiments were made with-every 
poſſible precaution, at the houſe of Dr. Watſon (the moſt inte- 
reſted and active perſon in the kingdom in every thing relating to 
electrieity) on the 12th of June 1751. There were preſent 
Martin Folkes preſident of the Royal Society, Nicholas Mann 
. Eſq. vice preſident, Dr. Mortimer, and Peter Daval Eſq, ſecre- 
taries, Mr. Canton a fellow, and Mr. Shroder, a gentleman of 
diſtinction, well known. to, and correſponding with Mr. Winck- 
ler. But, notwithſtanding all the pains theſe gentlemen took, 
purſuing, with the utmoſt» exactneſs, the directions of Mr. 
Winckler, and alſo. uſing methods of their; own, . which they 
thought Nill better adapted to force the effluvia through the glaſs, 
they were, unſucceſsful. They were not able to verify **. 
rr s experiments even in one fingle inſtance. f | 
Bur perhaps the moſt ſatisfactory refutation, both of this 


Fil Tranſ. abridged, Vol. 10. p- 413, &c. =ÞF Ib. Vol. 47. P+ 231. 
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7 AN ietended Gnſudation of odours, ind 'the inedieindl — of | 
electrieity above-mentioned, was made at Venice; the 
where this medical electricity took its riſe. The e nent; 
were made by Dr. Bianchini, profeſfor of medicine, in the wok 
ſence of a great number of witneſſes, many of them prejudiced 
in favour of the pretended diſcoveries; but they were all forced 
| to be convinced of their futility, of the evidence of facts; and : 
-by experiments made with the greateſt care and accuracy. T 
AFTER the publication of theſe abcounts properly atteſted, | 
every unprejudiced perſon was ſatisfied, that the pretended 
diſcoveries from Italy and Leipfick, which had raiſed the expec- 
tation of all the electricians in Europe, had no foundation in 
fact; and that no method had yet been diſcovered whereby the 
power of medicine could by electricity be made to inſinuate itſelf 
into the human body. + Dr. Franklin alſo ſhowed by ſeveral 
experiments the impoſſibility of mixing the eli” or virtue eg | 
medicines with the electric fluid. ? oh 
"In ſome reſpects ſimilar to the exjitimbits Lich wi wel- 
ed tubes (as thoſe mentioned above were uſually called) was that 
of profeſſor Boze of Wittemburgh, which he termed the bea- 
 tification ; and which, for a long time, employed other electrĩ- 
cians to repeat after him, but to no purpoſe. His deſeription 
of this famous experiment was, that if, in elerifying, large 
globes 1 were employed, and the- electrified perfon were placed 
upon large cakes of pitch, a lambent flame would by degrees ariſe 
from the pitch, and ſpread itſelf round his feet ; and that from 
thence it would be propagated to his knees' and body, till, at 
laſt, it aſcended to his head; that then, by continuing the elee- 
trification, the perſon” 8 head would be ſurrounded by a glory, 


'* Phil, Fratif, abridged, \ Vol, 48. p. 555. + 1b, p. 4. f Franklin's Letter 
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ſuch a one, in ſome nieaſure,! 25 is VOY mu painters in 
—— the heads of ſaints. * 12 1 i * 1 1061 
Tus experiment, as well as that of the W tubes, ſet 
Abbissg bees 18 Europe to work, and put them to a great 
deal of expence; but none of them could ſucceed, ſo as to pro- 
ducę an appearance any thing like that deſeribed by Mr. Boze. 
No perſon took more pains in this buſineſs than Dr. Watſon. 
He himſelf underwent the operation; ſeveral times, ſupported by 
ſolid electrics three feet high. Upon being electrified very 
ſtrongly, he found, as he ſays, ſeveral other perſons alſo did, 
a tingling upon the ſkin of his head, and in many parts of his 
body, or ſuch a ſenſation as would be felt from a vaſt number of 
inſects crawling over him at the ſame time; and he conſtantly 
. obſerved the ſenſation to be the greateſt in thoſe parts of his 
body which were neareſt to any non- electric, but. ſtill no light 
1 upon his head, though the experiment was ſeveral times 
made in the dark, and with ſome: continuance * 
Ax length the Doctor, wearied with theſe fuitlel _ 
wrote to the profeſſor, and his anſwer ſhowed that the whole 
had been a mere trick. He candidly acknowledged, that he had 
made uſe of a ſuit of armour, which was decked. with; many bul- 
lions of ſteel, ſome | pointed like nails, ſome like wedges, and 
ſome pyramidal ; and wa when the electrization was very vigo- 
rous, the edges of the helmet would dart forth rays, ſomething 
like thoſe which are n on the heads of ſaints. And this 
was gll his boaſted be tification, 8 Ip bs 
Tuts fame Mr. Boze, who ſcems to have bad a ſingular — 
; tation of ſomething myſterious and marvellous in his experiments, 
in a letter to the Royal Society at London, ſaid that he had been 
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able, by electricity only, to invert the poles of Cnaturel magnet, 
to deftroy their virtue, and reſtore it again, but he did not de- 
ſcribe his method. * - Conſidering that no perſon in England 
could ſucceed in this attempt, and that we are now able to do it 
ut imperfectly, it is hardly probable that he did it at all. 
Turns ſeems to have been ſome deception in an . 
i the worthy and excellent Dr. Hales communicated to the 


Royal Society this year, when he ſays, that he obſerved the elec- 


trie ſpark from warm iron to be of « bright light colout ; from 
warm copper, green; and from a warm egg, of a yeHowiſh flame 
colour. Theſe experiments, he ſaid, ſeemed to argue, that 
ſome particles of thoſe different bodies were carried off in the 
electric flaſhes, whence thoſe diffetent colours were exhibited. 

ISUALL conelude this ſection, which might juſtly be intitled 
the marvellous, with mentioning the ſurprizing effect of an elec- 
trio iſpark in ſetting fire to a fuſtian frock, on a ſon uf Mt. Robert 


Roche, when he Was electrified For — I ido not 
tec, andi ĩt anſwwer- 


queſtion the fact. The en periment was re 
ed again as well as at the firſt time, when it was merely acci- 
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E have 1 FIR =L- * FER done. in electricity 

by the Engliſh philoſophers, and thoſe on the continent 

of Europe, till about the year 1759 3 but our attention is now: 

ſtrongly called to what was doing on the continent, of America 8 1 
where Dr. Franklin and his friends were as aſſiduous in — 
experiments, and as ſucceſsful in making diſcoveries,. as any of 

their brethren i in Europe. For this purpoſe, we muſt look back 
1 few years. As Dr. F ranklin' 8 diſcoveries were made intirelx 

independent of any in Europe, I was unwilling to interrupt the 

former general account, by introducing them in their proper year. 

For the ſame reaſon, I imagine it will be generally more n 
3 | dier 
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: lications of Dr. Franklin, ook "New Eßer erimen s and (#7), 7＋ 
tion on  Eletricity, made, at Philadelphia Tt 


| : 174%, and the laſt April 18th. 1754. 


5 1 


A 


bh, 15 otation of Pr. Franklin, n 
ons on the ſubjeck of electricity; in many of which the; terms 


 loſophy is of the true ſyſtem of nature in general. 


YR * 2 
e to er at hy new,” "What 1 Was dive thi Ade wie for ſome 


confiderable ſp ace of time, | without interrupting this uccount 
with what was doing, in ; the mean time, in Europe. 1 hall, 
therefore, digeſt, 1 in the elt manner Teig, the three flrſt pub- 


America, comtnuni- 


q- of London, fellow 


cated in ſeveral letters to Peter Collinſon Eq 


1 of the Royal Society; ; the fickt, of which is dated Jay 28th. 


12153 "KF N f 346 15 BY 3.8 2 


YoTHING was ever written, upon. "hy tubject of elearicity 
_ which was more generally. read, and admired i in all parts of Eu- 
rope than theſe letters. There is hardly : any European language 
into which they have not been tranſlated ; and, as if this were 
not ſufficient to make them Properly ere a tranſlation of 
them has lately been n made into Latin: It is not ealy to ay, 
whether we are moſt 'pleaſed' with the amplieity and per picuity 
with which theſe letters are written, the modeſty with which 
the author propoſes every hypotheſis of his own, or the noble 
frankneſs with which he relates bis miſtakes, N ken were 


 correfted by Tubſequent experiments. es 
Troven the Engliſh have not been Past wand in a An 


| ing the great merit of this philoſopher, he has had the fingular 


475 d fortune to be, perhaps, even . celebrated abroad than 
home; ſo that to form a juſt idea of the great and deſerved 


1 Ir 


we muſt read the foreign publicati- 


F ranklini iſm, Pranklin i/t, and the F ranklinian Syſtem occur in al- 
moſt every page. In conſequence of this, Dr. Franklin's prin- 
ciples bid fair to be handed down to poſterity, | as equally expreſ- 
ſive of the true principles of electricity, as the Newtonian phi- 


THE 


we. SEC. I. Fa: bl. FRA NKLIN f 133 
zz zeal of Dr. Franklin's Friends, and his reputation, were 


conſiderabl inereaſeii by the oppoſition: which the Abbe Nollet 
made to his theory. The Abbé, however, - never had an), con 
ſiderable ſoconds in the controverſy,” PRO: he had, am in- 
formed, have all! deſerted him. ub, A 2 410 1} $422 $76 2 B11 +1 
Tux riſc of Dr: Franklin's "£0 ras was 45 fil occaſioned 
þ 2 bad tranſlation of his letters falling into the; hands of Mr. 
Buffon intendant of the French, King's gardens, and author of 
the Natural Hiſtory for which he is famous. This gentlemany 
having ſucceſsfully repeated Dr. F ranklin's experiments, cent 
gaged 2 friend of his, Mr. Dalibard, to reviſe the tranſlations 
Which Was afterwards publiſhed,” with: a ſhott hiſtory of olectri- 
city prefixed to it, and met with a very favourable- reception 
from all ranks of people. What contributed not a little to xhe 
ſucceſs of this publication, and to bring Dr. Franklims prinei- 


ples into vogue in France, was a. friend of Mr. Dallibard's exhi- 
bitidg Dr. F ranklin's experiments for money. All the wWorldz 
in a manner, flocked 10 ſee theſe new experiments, and all re- 
turned full of admiration for the inventor of them. ® Et 
: Dx; FrankLin had diſcovered; as well äs Dt. Watſon. that 
the electrie matter was not ortatedi but collected by; friction. 
from the neighbouring non⸗ electric badies.:" He had obſerved; 
that it Mas impoſſible for a man to electrify hinſelf,” though he 
Rood. upon glaſs or wax; far. that the tube could communicate 
0 him nd more electricity than it had received from him 
ina the act of excitation. 8 He bad obſerved, that if tw] per- 
ſons ſtood upon wax, one of which rubbed the tube, and the 
other took the fire from it. they would both appear to be electri- 
| fied; that if they touched one another after that e 


een nan 1. p.44. | 


Namn rn i 242 FEAR 
SIPS ran .243 mh 


6ther derdon touched either of them z FE 


the ateQuicity.of both) # | Vos cad, 07 bam | 


"wa experiments led the; octorito think; Ahat the klecttig 
fluid was conveyed from the perſow-whorubbed! the tube. to him 
bend dodehell it 35 which ititroduced ſoms terms in electricity that 
had not been uſed before / hut have continued in hie over ſince! 
Theo perſoh hof tduched che tube wab Wd, by Den Franklin, 8 
be releriſted piu or plus being ſuppoſfecb to receive an ad- 
ditional : quantity of vlectrie fire: ee e re cubbed 
dhe tube was laid to be! eledrified! negatiuely; or mine being. 


fuppoled to ave loſt a part of his: ee quantity of the elec- 13 
We hakd: 1 100% 41 N 15 1111 #. 130) tg v1 0? 52 i100 HD” 


Tuis obſervation was necefſary to explain the capital diſco- 

very which Dr. Franklin made wðith reſpect to the manner of 

charging thi Leyden/pbial ;-whick:is, that wher one fide of the 

glaſe Wascelecktified poſitively or pluc;: the other fide was kid 
fied negatively or minus s fo that whatever quantity o 

upon one fide ef the glaſs, the ſame as thrown out uf the ore: b 

and that there . no wort clecuie fire une nl Ader 


- e eee the othibs;; Dr. Frank: 


Un ene glaſs was imperuious to electricity and | 
zerefore,/ fince the equilibrium could not be: reſtored to. 


than ed phiał by any intennal communication, it muſt be 
done by conductors. externally, joining the infide und che Gut 


fide, 1 22 56101 911 35 e 13. doithw 1G 2110 «2 KN a0 1.) bool 8104 9 


Tuns E capital diſcoveries he made by obſerving chat awhies? 4 


phial was charged, A cork ball ſuſpended on filk would. be at- 


min n, $4619 Wi pi 16. 15 1 Ib. p. 3. 
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in n few inches of the wire con 
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he brought his finger near the wire, the thread was 


a ren er » ann! DIA gs 


4 by the. outſide coxting, when it was repelled/ by a Wire 
nicating with che inſide; adh thatꝭ it would be repellod 
de, when it was attracted by the inſide- *. Rut the 


eroth of this ina appeared: more evident. when he brought the 


b of the wire communica 


n with the outhde conting winks 
amunicating With the iaſide coat. 
ing, and ſuſpended a cork ball between them for, in thatcoaſe} 

the ball was atttacted mh them altgroatly,. fl the! ou _ 
diſcharged. +. ' Hang 
* Tun Eurapean.c electr icians, had, obſerves that/a ry - phiat- oils 
not be charged unleſs ſome conductor was in contact With the 
outſide; but Dr. Franklin made the obſervation more, general; | 
and alſo was able, . the principle above-mentioned, to give 4 
better account of it. As no more electric fire, he ſays, can be 


thrown into the inſide of a phial when all is driven from the 


outſide; ſo, | in a phial * 


> yet! charged none can be thrown 


into the inſide when none can be got from the outſide. He al- 


ſo ſhowed, by a beautiful experiment, that, when the phial was 
charged, one ſide loſt exactly as much as the other gained, in 
reſtoring the equilibrium. Hanging a ſmall linen thread neat 
the coating of an electrifred phial, he obſerved, that every time 


attracted by 


the coating. For as the fire was taken from the inſide by touch- 


ing the Wire, the. outſide. drow: in an gt e Nee . tho 
thread. |. * 

H proved Pak in  diGirgins b 88 phil, the; giving five 
one fide was exactly equal to the receiving by the other, by pla- 
cing a perſon upon electrics, and making him diſcharge the phi- 
al through his body; when he obſerved, that no IG re- 


„ Franklin's Letters, p. 4. f + lb. Pp. you. 1. : | 
OUR. X 2 mained 


nd pry bf the" 9 — 
— rr foryed," that if they did hot repel be- 
bote the exploſion, they did not repet at the'time, not after. f. 
But n _ which moſt omplea d, that the coat! | 


thi > b tothe bag 250 
0 i | inflated his abbey: . 2740 to his conduc- 
wy yt Tound” it brag not ow r even re 3h nad bali 
eave thi oitifide che ial, there was none colle 
rubber to be conveyed into the infide. 'He' then took "away" his 
hand from the phial, and forming a communication, by a wire 
rom the outſide coating to the inſulated rubber, he found that 
it was charged with eaſe. In this caſe, it Was plain, that the 
very ſame fire which left the outſide coating was conveyed by the 
way of the rubber, the globe, che reer th rad "this wire 'of 
the Slial; intothe infide, qi re Eg yo tat wad rot. 
Dx. PxAnKLiNn's new * of haogibiy vhs: 1 8 phat 5 
led him to obſerue a greater variety of facts, relating both to 
charging and diſcharging it, than other philoſophers had attend- 
ed to. He found that the phial would be electrified as ſtrongly 
if it were beld by the hook, and the coating applied to the globe 
or tube, as if it were held by the coating, and the hook appli- 
ed; and, conſequently, that there would be the ſame exploſion; 
and { { OCK, af the. electrified phial Were. held i In one hand by the 
hook, and the coating touched with the other, as when held by 
n Bente and touched at the hook. TO _ the urges . 


Hs © Franklin's Leu p. * . f.. im . 6g. 
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e 
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l by the: hook with: fafety;- and not diminiſh! its force, beo 
ſerves, that it muſt firſt be fet down upon electrics n D 


DR FZANK EIN obſerved, that if a man held in his hand t 
phials, the one fully electriſied, and the other not at all, and 
brought their hooks together, he would have but half aiſhock : 
for the phials would both remain only half electrified, the one 
being half charged, and the other half diſcharged. Pk 
Ir two phials were charged both through their hooks, a cork 
ball ſuſpended on ſilk, and hanging between them, would firſt 
be attracted, and then repelled by both; but if they were elec- 
trißed, the one through the wire, and the other through the 
coating, the ball would play vigorouſly between them both, till 
they were nearly diſcharged. T The Doctor did not, at that 
time, take notice, that if the phials were both charged through 
nee (by which both the hooks would have been elec- 
triſied minus) the ball would be repelled by them both, as when 
they were clearified plus. And when he, afterwards, obſerved 
that two bodies eleQrified minus repelled. one another, he ſeems 
to have been ſurpriſed at the appearance, ee er d u chat 
he could not fatisfactorily account ſor it. KE | 

Ir was known to every electrician, that a globe or tube $ wet 
on the inſide would afford little or no fire; but no good reaſon 
was given for it, before De. Franklin attem pted its explanation 
by the help of his general maxim. He fays, that when a tube 
lined with any non- electric is rubbed, what is collected from the 
hand by the downward ſtroke enters the pores of the glaſs, dri- 
ving an equal quantity out of the inner ſurface, into the non- 
electric lining; and that the hand, in paſſing up to take a ſecond 
ftroke, takes out again what had been thrown into the outward 


* Franklin $ Letter, p · 19. + Ib. p. 21. + Ib. n Ib. p 34. | 
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flurface, the inner lurbabe it the ſame. time tecria ing back: n 
N what it had given to the non · electrie lining; ſo that the particles 


iroke given to the tube. | ee i e e ick 
Was s rubbing the-tubes and 00 


4 * the tube was exhauſted of air, . kn 1 3 


” — the electric fire would fly freely en the 1 inner (aſus; 
without a non electric conductor. tr 


vond it. The tube and its excited atmoſphere, bei 
near a glaſs veſſel, repels the electi id ſur fac 
of the Slaſs and this fluid, iſſuing from the inner Garface 


| the glaſs, and. lewis in its return to it, when the excited elec- 
tric on the outſide i is withdrawn. || + © 


of the electrie fluid went in wen, 1 ai ran. aptly every 


ces, a wire e bed we tabs, be 


K care to f -withdraw:his f Rüger 18 
n as he bad taken the ſpark, which bad deen made” t to arty 
m theinſide, i it would be charged. | ft 


in contact with the wire was not neceſfary; fot that; 


:: Ugeon the ſame principle he accounts for the eee ee 
cited electric being perceived through the glaſs in the vaounmibes 


acts upon light bodies in the vacuum, both in its paſſage from 


Tuls maxim, that whatever the phial takes in at one - ſurface 
it loſes at the other, led Dr. Franklin to think of charging ſeve- 
ral phials together with the ſame trouble, by connecting the 
outſide of one with the inſide of another; whereby the fluid that 
was driven out by the firſt would be received by the ſecond, and 
og was driven out of the ſecond would. be received by the third, 
By this means he found, that a great number of bottles 
ig! ht be charged with the ſame labour as one only; and that 
they might be charged equally high, Fore, it not that every bot- 


30 


7 Franklin's Letters, p. 76. f Ib. p. 77. lb. W. p- 78. 
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FFF 
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gives ſome ſmall reſiſtanoe —— | This ir- | 
— he ſays, in in a number of bottles, becomes more 

to the charging power, and ſo repels the fire bak again\0n 

the globe ſooner than a ſingle bottle would do. * 135 IT 

it a Pr Dr; Franklin; conſtructed: od 4. 

420 ſting of S coated on each 

IT ag one: of them would charge 


them al., Then 3 conttivance to bring the giving ſides in 


eancad with one wire, and all the receiving ſides with another, 
he united e the en eee pee eee 
l WAI 2 G06: 13 31 
» Wwex Dr,, Franklia firſt Fee r 1 thi 
Leyden phial, he imagined: that ;the: eleftric: fire was all crowded: 
into the fubſtance of the none electric in contact with the: glaſs ;- 

but he after ward found, chat its power of giving a ſhock lay in the 
glaſs itſelf,” and not in the anten by eee il ity 
analyſis of the: bottle. 


I order to find where the firength of, 3 bott e laps 


= 


23 it upon glaſs; then firſt - took out the cork and the: 


wire, and finding the virtue vas not in them; he touched the 


outſide coating with one hand, and put the finger of the other 
into the mouth of the bottle when the ſhock: was felt quite as: 


ſtrong as if the cork and: wire had been in it. Ae e : 
the phial again, and pouring out the water into an empty bottle; 
inſulated, expected that if the force reſided in the water it would 
give the ſhock, but he found it gave none. He then 2 
that the electric fire muſt either haye been loſt in decanting, or 
muſt remain 1 in the bottle ; and the latter he found to be true 3 


| 


"SON; 5 Franklin's Lined p. 12. + Ib. p. 26. 
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for, filling as charged dottle wich. fre ſh water, he found the | 
ſhock, and was ſatisfied * nenen it reſided in the 
Blafs itfelf. Sail ahne Agi Wi d i eee 
1 Doctoi — hag end whiny mes of laſs} 
laying the coatifig:on lightly, and changing it, as he had before 
changed the water in the bottle, and the reſult was the ſame in 
both. + | This experiment is more ſatisfactory than the former; 
becauſe, when the water is poured out of the phial, chere ſtill 
remains a thin coating of the fluid, an might be thought-to 
contain the power of giving a ſhock. | 7 200 vi ing 
Tuna the electric fire reſided in this . was alſo further 
evident from this conſideration, that when glaſs was gilt, the 
diſcharging of! it would make a round hole, tearing off a part of 
| ich, the Doctor 3 could only den 


ne — Sg Pied wh bands. would be bi 
by the ſpark driven through it, yielding a ſtrong ſmell, and a 
viſible ſmoak. Alſo, that when a ſpark was driven through pa- 
per, it would be blackened by the ſmoke, which ſometimes pe- 
netrated ſeveral! of the leaves, and that part of the gilding which 
had been torn off was found forcibly driven into the hole made 
in the paper by the ſtroke. He alſo obſerved, that when & thin 
bottle was broken by a charge, the glaſs was broken idee tk 
the ſame time that the gilding was broken outwards. 4 tr 
LASTIVY, Dr. Franklin diſcovered, that ſeveral ſubſtances 
which would conduct electricity in general, would not conduct 
the n of a charges an 4 wet p e, ak inſtance, 
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Ds. FRANKLIN's: DISCOVERIES CONCERNING *us SIMILARI- 
Se LE as TT oF LIGHTNING AND ELECTRICITY. 


ing electricity, and which has been of the greateſt prac- 
tical uſe to mankind, was that of the perfect ſimilarity between 
electricity and lightning. The analogy between theſe two powers 


very. It was fo obvious, that it had ſtruck ſeveral perſons. 1 
ſhall give one inſtance, in the ſagacious Abbe Nollet. TON 
Tun Abbe ſays,« 4 If any one ſhould take upon him to 
4.4 prove, from a well connected compariſon of phenomena, that 
* thunder is, in the hands of nature, what electricity i is in ours, 


« little imitations of thoſe great effects which frighten us, and 
that the whole depends upon the ſame mechaniſm; if it is to 
© be demonſtrated, that a cloud, prepared by the action of the 
0 © winds, by heat, by a mixture of . 868. is oppoſite 
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O \HE greateſt diſcovery which Dr. Fan made concern- 


had not been wholly unobſerved by philoſophers, and eſpecially 
by electricians, before the publication of Dr. Franklin's diſco- 


4 that the wonders which we now exhibit at our pleaſure are 
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ve; e eee object; that this is the elearized body, and, at 
broxir 1 that which is net 1 avow —_ this 


40 —— and in ſupport of it itz eg many ane E 
preſent themſelves to a man who is well acquainted with eleo- 
« tricity.” The univerſality of the electrio matter, the readineſs 
4 of its action, its inflammability, and its activity in giving fire 
to other bodies, its property of ſtriking bodies externally and 
« internally, even to their ſmalleſt parts, the remarkable exam- 
ple we have of this effect in the experiment of Leyden, the idea 
which we might truly adopt in ſuppoſing a greater degree of 
t electric power, &c. all theſe points of analogy, which I have 
been ſome time meditating, begin to make me believe, that 
© one might, by taking electricity for the model, form to ones 
& ſelf, in r relation to thunder and lightning, more perfect and 
% more probable 5535 than what have Bran. 1 biber. 
Ae. 90 Ei 15 | 4 +; 

Mx. Winckl ER al WTI many W in /which | 
cleAricity and lightning reſemble one another.“. 

Bur though the Abbé, and others, had been firuck with the 
obvious analogy between. lightning and electricity, they went no 
farther than theſe arguments à priori. It was Dr. Franklin who 
firſt propoſed a method of verifying this hypotheſis, entertaining 
the bold thought, as the Abbe Nollet expreſſes it, of bringing 
lightning from the heavens, of thinking that pointed iron, rods, 
fixed in.the air, when the atmoſphere ' was loaded with lightning, 
might draw from it the matter of the thunderbolt, and diſcharge 
it without noiſe or danger | into the immenſe, . of the - ORF th, 
where i it would remain as it were abſorbed. | 
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lute ee problem, before ſhe heard of what had 
been donecel ee eee e eee 
«Atually to imitate all the known e effects of Iightn: ug by e 
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liſhed hats + were . than thoſe from a ia: one. He 


co nd fire ſpirit eaſily with enn r r but win Ar- 


moe by means of one not poliſhed. x- 


n tlie ſame body, 


if preſence he made the experiment, ſays, the effec 


owledges, that Dr. Franklin was: the firſt v 
property of pointed bodies, in drawing off electricity more effec- 
tially, and at greater diſtances than other bodies could do it. . 

He electrified an iron ſhot, three or four inches in diameter, 
and obſerved, that it would not attract a thread, when the point 


hte," Vol. 2. p. 378. + Lettres, Vol. 1. p. 130. f Recherches, p. 132. 
. a” of 
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1able an PORE 1 4 pro- 
nn — obſerved the intire and wonderful effect of 
n 1 bree, gn, eee. | 


t | ks alta hp aa 


NM ERT Was perhaps ke fit * — — 2 
body, pointed at one end, and round at at another, produced dif- 
ferent -appearances- 1Þ' CC ling an che point- 

ed, or round end Was preſented to it. But as Ar Niollet, in 
conſtant, and nothing was jnferred from it. +: And the Abbe 

e ho ſhowed. the 


.+Y 
— 4 


- 
or : 
X 
78 
N 
| * 
| * 
3 
| 4 
C® 
** 
FP [ 
wh 
* 
"gk 
2 
5 
45 
ite 
* ; . 
71 
x7 
EN 
- 1 
4 
. : 
* 
8 
. 
A b 
"= 
* 
* 
* 
o "I 
EL, q 
| 
E PR 
8 
. 
3 
7 
2 
XxX 
5 
8 
= " 
* 
+ 
. 
7 
1 
4. 
"*; 
= 
-* 
. 
BY 
_— 
7A 
r 


YR a ot Are EMS A oat Ch ts 


— 10% that e Fed 
ad hers "Was. — N with his $4440 _ eee ball 


would always be ſuſp 


ed bodies, by ſupps ng 
at the point of an electrified body reſted, being ſmall, the attrac- 
tion by which the fluid was held to the body was light ; and that, 


— 


a comit anication with the earth; 
ted body, ſtuck on a piece of ſeal- 


3 -thouglicths moment the pbint- 


* 


Franklin RT the. obſervation of Me Einem, and other 


e a * which Was ; cleQrified, if it were Tan deen 


b 3 which e point was whe- 
and if one of the points was vety | 
blunt, and che other very tharp, it would be ſuſpended in the ait 


ther it was electrified or not; 


by its blunt end, near the electrified body, ene ny unelectri- 
fied plate being held below it at all. F © 

Dx. FRANKLIN endeavoured to account for this effect of 9206 
that the baſe on which tlie electric fluid 


for the ſame reaſon, the reſiſtance to the entrance of the fluid 


was proportionably weaker in that place than where the ſurface 


was flat. T But he himſelf candidly owns, that he was not quite 
latisfied with this hypotheſis. Whatever we think of Dr. Frank- 


lin's theory of the influence of pointed conductors in drawing 
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greater ten thoſe of ahi ae For if two gun barrels electri- 


is the ele 


drawn by an irregular body, or through a ſpace in which, 
conductors are diſpoſed in an irregular manner, which i is are : 
| the caſe in the heterogenious atmoſphere of our globe. r 
1 LiGaTNIiNG Krikes the higheſt and moſt pointed objects, in 
pr way preferably to others, as high hills, and trees, towers, 
ſpires, maſts of ſhips, points of ſpears, &c. In like Wenner all 


1 — — * — 
deddrie fluid and lightning by cantianing: bis n not 0 be 5 
eee. the a gs diffe en of the e's in point of degree ; 


their nature. It 


_fied will ſtrike at two inches diſtance, and make a loud report, 
at how great a diſtance will 10,000 acres of dee ed 


ſtrike, and give its fire, and how loud * 
-1-L,,88ALL digeſt all Dr. Fran in's 
lightni 


ning under the ſeveral points of . — ee ob- 
ſerved between it and electricity, mentioning theſe points of ſimi- 


larity in the order in which he himſelf remarked them; only 
| Hanging into one place the obſervations which may happen to 
1 ifferent parts of his mn | hea, the relate; to the ſows 
ee. 4 eee t 


" Spams of lightning, he. begins with obſerving, are g g= 


necally ſeen crooked, and waving io the air. The ſame, ſays he, 
tric ſpark always, when it is drawn from an irregular | 


body at ſome diſtance. I: He might have added, h n 
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readily 3 thoſs which are terminated; by Ht akte 1 031 
en 30 Lren rwe is obſerved to take the readieſt and beſt con- 
ductor 80 does electricity in the diſcharge of the Leyden phial. 
For this reaſon, the Doctor ſuppoſes that it would be ſafer, du- 

a thunder ſtorm, to have ones cloaths wet than dry, as the 
lightning might then, in a great meaſure, be tranſmitted to the 
ground, by the water, on the outſide of the body. It is found, 
ſays he, that a wet rat cannot be killed by the nn. ob the 
electrical bottle, but that a dry rat may. f er OG hacks 

4. EreuTNniNG burns. 80 does electricity. / Dr. Franklin 
ſays, that he could kindle with it hard dry roſin, ſpirits un- 
only ramming it hard in a eartridge, into each end of which point- 
ed wires were introduced, and brought within half an * of one 
another, and diſcharging a ſhock through them. f N 
A Tien Shine: ſometimes diſſolves metals. 80 Joes eee 

city, though the Docter was miſtaken-when he imagined it was. 
by a cold fuſion, as will appear in its proper place. The method 
in which Dr. Franklin made electricity melt metals was by put- 
ting thin pieces of them between two panes of glaſs. bound faſt 
together, and ſending an electrie ſhock through them. Some 
times the piece of glaſs, by which they were confined;” would 

be ſhattered to pieces by the diſcharge, and be broken into a 

kind of coarſe ſand, which once happened with pieces of thick 

oking glaſs; but if they remained whole, the piece of metab 
would be mifling in ſeveral places where it had lain between 
them, ed inſtead of it, a metallic ſtain wo uld be ſeen on | both. 


© Fins Lois p. "= . 4 Ti 48, ge. 


the: 
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the glaſſes; the ſtüins om — and upper glaſs being end | 
| ſimilar in the minuteſt ivoke.*-. I Ws. 54a + . A 1 by re KER 3 DARES: 


BU 8 3 F ” ; +5 . . er * * . 11 1 isn : 
A PIECE of leaf gold uſed 
| — 3 5 5 
_ - , 2 ; . 2 © as os * * 
1 © | A \ WP. of I J ö 
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an tt — the in — aeg Teen, be 
ed, made 2 neee reddiſh, _—_ filver : 
greeniſh ſtain. T Sion top and td. old lein 
Mu- Wrigon Sopipinion.iahape: iv be —— gold 
was eee into ws pores of the glaſs, but only into ſo near 
_ a'tantact with the ſurfac = the glaſs, as tobe held there by an 
| e, he ſays, as 1 is exerted: at the 
whate Ent eben ait i, Fro 

rends fore hoc The ſame does electricity. 
Og ny chat the electric ſpark would: ſtrike à hole 
through A; quire- of paper. When wood, | brieks, ſtone, Gd. 
: ning he takes, notice, chat the ſplinters will fly 
off on chat ide where. there is the leaſt reſiſtance. In like; man- 
dor, he. ſays, ien a hole is ſtruck through a picee of paſtehoard 
by an electriſted jar. if the ſurfaces of the paſtehoard are not con- 
fined and cmpreſted, there n dee bur raed zall round the 
hole on botb d des of. the paſte NOALC dg but that if one ſide be con- 
finedꝭ fo that the bur ont; aiſed on that ide, it will all 
be raiſed wo other fide, | which way ſuever the fluid: was di- 
reed. For the Nara the outſide of the hole is the effect 


Ao do am 50 Das ine ft: in 5.44 4 bein hes many 
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Ae b me ener ven bur eee 
electric ſtream, and not an effect of its direction? 
7. Lronr nie has often been known to ſtrike veg blind: 
after a violent ſhock of electricity, by which the 
Doctor intended to have eee e. Was ee to een 
Aruck blind likewiſe! 4 r - 154 5 x1 ring < is Ws. 41 
8. Ix a thunder An ztretham, deſcribed 5 De: Miles; bi 
the lightning ſtripped off ſome paint which had covered à gilded: 
molding of a pannel of wainſcot,' without hurting the reſt of the 
paint. Dr. Franklin imitated this, by paſting a ſlip of paper; 
over er of gold on tbe cover of a. book, and ſending 
an electric flaſn through it. The paper was torn. off from end 
to end, with ſuch force, that it was broken in ſeveral Places; 
and in others there was brought away part of the grain of, the. 
We leacher in which the book was bound.,/; This: convinced; 
the Doctor, that if it had been paint, it would have been ſtrip- 
ped worth in dons why manner . _ ade wal og by ROM 
9. Li bn Ae meh nie. Anh als 5 likewiſe 
beck: killed by the: ſhock of electricity. The largeſt animals 
which Dr. Franklin and his friends had been able to kill WR: 
3 and turkey which weighed about ten pounds. S 
o. Macenrs have been obſerved to loſe their virtue, or to 

hats their eee by lightning. The ſame did Dr. Frank- 
lin by electricity. By electricity he frequently gave polarity to 
needles, and reverſed them at pleaſure. A ſhock from four large 
jars, ſent through a fine ſewing needle, he nd gave it polarity, 
ſo that it Would een when laid on water. What is mol re- 


_ „N Lan, La +l p. © 5g 1 Phil. Tranf. Vol. Fra p. 387. 
| 1 Ib. Vol. 45+ P. 64. 24277 ra klin's Letters, P · 86, 15 3» | 
| 2 markable 
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: if hs HONG, When fr. 


roles: would ee 6 0 


gallons; ane \ 


Aly to 
trical kite, Which — 
ceived to be eom 


hich! — Getwie blaſt 
that if i — North _ b n 


er ſec you — even in that ſituation, an 
endet which had been known to: have boch-produced by light- 
ning:> He alſo obferwed, that the polarity was ſtrongeſt — 
the needle was ſtruck lying North and South, and weakeſt when 
it lay Eaſt and Weſt. He takes notice that in thiiſe « 
ments, the needle, in ſome caſes, would be finely blued, Like: 


the ſpring of a watch, by the electiic flame; in Which caſe the 
colour given by a flaſh from two jars only might be wiped off, 


but chat a flaſh from four jars fixed ĩt, ani frequently melted 
the needles. The jars which the Doctor uſed eee egg I 


* a7, "4 hy; * 


ere ebated and lined witli tinfoil. s 
TO demonſtrate, i in the compleateſt manner poſlible, hh ſame- 
neſs of the electric fluid with the matter of lightning, Dr. 
Frankli „ Ronifliing da eee contrived actu- 
rhen a oor: ofsthundet was per- 
ug ont This kite: had- a pointed wire fixed 
upon it, by hien it ew the ilightning from the clouds. This 
nghining deſcended by the hempem ſtring. and was received by a 


key tied to che extremity of t; that part io! nen. hirn | 


was held in the hand being of ſilk, that the cles 
ſtop when it came to the key. He found that the ſtring woukt 
conduct Ae 67 when ol aa but that e It, was 


- EW : Wet, 
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n dee ee loch it quite freely ſo that it would ſtream 
| ty plbinifollyitrons! the key, e ee weer 


1 
Ly 
E 

* 

5 
3 
4 
, 

o 
2 
5 
= 
© 
C 
4 
= 
44H 
. 
2 
— * 
4c 

* 
2 
4 

©» 

4 


4 
% — 
f p 
= 
3 
by 
2 : 
3 
3 
. 
. 
+ 
> 


* ere have a read 


prodeliings der ſtorm to take a walk into a field, in which 
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(2 ——— viooniatanes Ante eue eee this 
{the greateſt, perhaps, that has been made in the whole oo mpaſ⸗ 
of philoſophy, ſince the time of Sir Iſaac Newton) cannot but 
give pleafure to all my readers, I ſhall endeavour to gratify them 
with the com nen eben rd mu Fe ane Ihaves from 
un authority: 


* hypotheſis concerning the ſameneſs of electricity with the 


matter of lightning, was waiting for the erection of a ſpite in 
Philadelphia to carry his vie ws into execution; not imagining 
au «pointed rod, of a moderate height, could anſwer the pur- 


nit occurred to him, that, by means of a common 


filk handkerchief, and two croſs ſticks, of a proper length. on 
s to extended it; he took the opportunity of the firſt ap- 


there was a ſhed convenient for his purpoſe. But dreading the 
ridicule which too commonly attends unſucceſsful attempts in 
ſcience, he communicated his intended experiment to no body 
but his ſon, Who aſſiſted him in raifing the kite. 

Tus kite * raiſed, a conſiderable time elapſed before there 


* Franklin's Letters, p. 106 
2 2 was 


Ar this heh hs charges phials, ade dedrie ae | 
— ndled ſpirits, and performed all other electrical ex- 
aeg wh which are eee nen 4 an IG EE 
Tuben ben . e l i . 


Tux Doctor, after Rein poabliſhed his nn eber 


dier and better acceſs to the regions af 
rchunder than by any ſpice whatever. Preparing, therefore, a large 


D RINK IN on Pr 

ing def Us veg promiing 
_ it without any effect; When, at length, 
5 juſt as he was beginning t. to deſpair of his contrivance, he obſervy- 
= 1 nene duft threads of the ue n hand: (pa a to 
avoid one another, ut as if they had been ſuſpend . 


. ee wat preſented his 3 to \ the key; nd (let the realler 
| judge of the exq I xe ple ; ure he muſt have felt at that n Torr e. t) 3 
n SISA Ygin;e "He perceived a very evident elec). 
| xric- park. | Others ſucceeded, cen belpre the leing wis wer, 
dat win the, matter paſt al diſpute,. and when the rain had 
wet the firing, he collected electric fire very copiouſſy. This 
ee in June 1752, a month after the electticians in France 
had verified the ſame thec Ws! ine Reber be! heard ar thing - 
1 had done. *& att TR 4 bn Lelb hs 2000'S 


Busipzs this kite, Dr. Eranklin-ha. 9 un inſulated ; 
ibn rod to draw the lightning into his houſe, in or er to make 
experiments whenever there ſhould be a conſiderable quantity of © 
it in the atmoſphere ;, and that hemmt not loſe any opportuni- 

ty of that nature, be connected two bells with this apparatus, 
which gave him notice, 48 their rin wat ene ons rod: whe" 
elefrified. in 3 66.64 Enn 
Tux Doctor being PRE in- this manner, ue" 


odr aw vhs Nights 
ning into his houſe, and make ex efits with it at his leiſure; 
and being certain that it wank in all. reſpects of the ſame nature 
with electricity, he was deſirous to know if it was of the poſi- 
tive or negative kind. The firſt time he ſucceeded in making | 
an experiment for this purpoſe was the r 2th of April 1753. when 


it r appeared that the lightning was negative! 2 Nau thee: 


9 5 0 oFranklic's Letters, -p. 11. 
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conſequence in all parts of the world, but more eſpecial 


doing any harm to the building. + 


Frs; N. Sac. 1. LIGHTNING: 3 
| the. clouds glefrihee gegatively. in; eight ſuct 


ncluded they were always electrified negatively, 
theo ory: to a0 unt for it. But he afterwards fond: he had 
achuded too ſoonn. For, on the, fixth of June following, he 
wet with GE nt was electrified poſitively; upon which 


there Was no thunder at all. Tx 1 32 8 $3641 ile (4 


Bur the grand practical uf rd Dr. F ranklin Je of his. 
_ diſcovery of the ſameneſs of electricity and lightning, was to ſe- 


cure buildings from being damaged by ligh 


tning, a thing of vaſt 


* in ſe - 
veral parts of North America, thunder ſtorms are more 


frequent, and their effects, in chat dry air, more n than. 


they are eyer known to be with us. 


Tus great end Dr. Franklicsancomalifhed: by tr i 


and by ſo cheap, and ſeemingly trifling apparatus, as fixing a 


pointed metalline rod higher than any part of the building, and 
communicating with the ground, or rather the neareſt water. 
This wire the lightning was ſure to ſeize upon, pteferable to 
any ther part af the building whereby: this dangerous power 
would be ſafely conducted to the earth, and een without 


DR. FRxAxK LIN Was of opinion, 2 a wire 06 a een 8 6 an 


inch of thickneſs would be ſufficient, to conduct a greater quan- 


tity of lightning than was ever actually diſcharged from. the clouds. 


* Franklin's Lenses, p. uus. E.. b. 5. 62, 124+ 


he cort B. Er theory, but did not ſeem able perfectly 
to \ ſatisfy himſelf with any other. The Doctor ſometimes found 
louds: would change from poſitiye to negative electricity ſe- 
ral times in. the courſe of one thunder guſt, and he once ob- 
e the air to be ſtrongly electrified. during a 10 1 when 


„ PRANKLIN „ + Bhatt 


in — He found, hat the gilding of a book was ffi. 
ficient to conduct the charge of five large Jars,” and 'thought that 
I would probably have conducted the charge of many more. 
He alſo found by experiment, that if a wire was deſtroyed by an 
exploſion, it was yet ſufficient to conduct that nm ſtroke, 
h ut | gh ĩt was e e rende ed ene of EY 250 
0 * Dodtor allo ſap po ed, We sds nnd: on ed 
| now might likewiſe often prevent a ſtroke of lightning in the fol- 
lowing manner. He ſays, that an eye ſo ſituated as to view 
Geber ge. the underſide of a thunder cloud, will ſee it very 
ragged, with a number of ſeparate fragments, or petty clouds, 
one under another, the loweſt ſometimes not far from the earth. 
Theſe, as ſo many ſtepping ſtones, aſſiſt in conducting a ſtroke 
between a cloud and a building. To repreſent theſe by an ex- 
periment, be directs us to take two or three locks of fine looſe 
cotton and connect one of them with the prime conductor, by 
a fine thread of two inches (which may be ſpun out of the 
ſame lock) another to that, and a third to the ſecond, by 
| like threads. He then bids us to turn the globe, and fays 
we ſhall ſee theſe locks: extending themſelves towards the 
table (as the lower ſmall clouds do towards the earth) but, 
that, on preſenting a ſharp point, erect under the loweſt, it 
will ſhrink up to the ſecond, the ſecond to the firſt, and all 
together to the prime conductor, where they will continue as 
long as the point continues under them. A; moſt ingenious and 
8 experiment! May not, he adds, in like manner, the 
ectriſied clouds, whoſe equilibrum with the earth is ſoon 
me * the point, riſe up to the main . and by hat 


Mo * Franklin's Letters, p. 124, yo: 
means 
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means ooclfion ſo large a vacancy, as canes mne ene cloud can 
not ſtrike in that place.“ 

Mx. WII ckE, in his remarks en. Franklin's dane * 
that on the 2oth of Auguſt 17 58, heſaw this ſuppoſition verified; 
as he was viewing a large fringed cloud, ftron gly electrified, 
paſſing over a foreſt of tall fir trees. The ragged and depending 
parts of the large cloud were firſt attracted mn and then __ 
denly roſe higher, and joined the large cloud. 

He was alſo an eye witneſs of two clouds W over 4 
other, approaching, and flaſhing into one another. The light- 
ning ſpread itſelf over all the parts of the blacker cloud, which 
was negative, and which immediately began to diſſolve in rain. 
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R. FRANKLIN, retaining the common opinion, chat elec- 
trified bodies have real atmoſpheres of the electric fluid 
a (confiſting. of particles at ſome diſtance from the ſurface of the 
body, but always going along with it) obſerved that theſe atmoſ- 
pheres and the air did not ſeem to exclude one another ; though, 
he ſays, this be difficult to conceive, conſidering that bn are 
generally ſuppoſed to repel one another. 1 

A electric atmoſphere, he ſays, raiſed round a thick wire, 
inſerted into a phial, drives out none of the air it contained; nor 
on withdrawing that atmoſphere, will any air ruſh in, as he 
found by a very curious experiment, accurately made ; whence 
he alſo concluded, that the elaſticity of the air was not t affe cted 
by 1 

Tur experiment, | as the Doctor informs me, was made with 
a ſmall glaſs ſyphon, one leg paſſing through the cork into the 
bottle. * other leg had in it a drop of red ink, which rea- 


1 * Franklin? $ Lenens . gp. 
| dily 
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dily moved. on the leaſt lows of heat. or cold in. the Air con- 
rd, in the phial,; but not at all on the air's being electrified. 
H nx alſo made an experiment which would ſeem to prove the 


eee eee as we, may ſay, of theſe atmoſpheres by any exter- 
nal force, if they have any exiſtence at all; but others may 


think it is rather an argument againſt their exiſtence. He elec- 
triſied a large cork ball faſtened to the end of a ilk. ſtring three 
feet long; and, taking the other end in his hand, he hpled it 
round, like a ſling, a hundred times in the open air, with the 
ſwifteſt motion he could poſſibly give it; and obſerved, that it 


ſtill retained, its electric e N though i it muſt haye paſſed 
through. eight hundred yards ., 

To ſhow that a body, in different circumſtances 4 dilatation 
and contraction, is capable of receiving, or retaining more or 


2 


og of the clearic fluid on its ale he made We: de 


23 


© 3 "He busen, a lock of cotton 1 a (ilk ing from the 
ceiling of the, room, making i it to hang near the cup; and ob- 
ſerved, chat every time he drew up the chain, the cotton ap- 


proached nearer to the cup, and as conſtantly receded from it 


when the chain, was let down. From this experiment it was 


evi ent, he ſays, that the atmoſphere about the cup was n 


x». + 7 


that the qi" ha of the chain. matt. jv been drawn We 
that of the cup when i it was raiſed, FA have returned to it again 
when it was, let down. +. 


1 36: 


To make electric atmoſpheres i in bome meaſure vilible, the 


* Franklin's Letters, Pp. 97. . N 1 bb. P · 141. 
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Doctor ah to drop roſin on hot iron plates, held under bodies 
celectriſied; and, in a ſtill room, the ſmoke would aſcend, and 
form viſible atmoſpheres | round the bodies, making them look 
very beautiful. In trying in what circumſtances, the repellency 
between an electrified iron ball, and a ſmall cork, hall would 
be altered, he obſerved, that the fmoke of roſin did not deſtroy 
their repellency, but Was e doch ny Foſs iron Ag the 
cork. EINE Nt. 
Tur Doctor rn, that fiver n to thi 6 Uatitio ſpark 
would acquire a blue ſtains that iron would ſeeth corroded by 
it; but he could never perceive any impreſſion made on gold, 
braſs, or tin. The ſpots on the filver or iron were always the 
fame, whether they received the ſpark from lead, brafs, gold, 
or ſilver; and the ſmell of the We fire was the dee e 
whatever bodies it was conveyed. Þ 1 1 | 
Writs we are attending to what v was done by De Franklin 
at Philadelphia, we muſt, by no means overlook Kune was: ae 
by Mr. Kinnerfley, the Doctor's friend; while a 
England. Some of his obſervations, of which: an account is 
given in the Doctor's letters, are very curious; and ſome later 
accounts, which he himſelf has tranſmitted to England, ſeem to 
promiſe, that, if he continue his electrical inquiries, his name, 
after that of his friend, will be ns to e in 1 hiſtory of 
electricity. $2615" T_ge 
HE firſt diſtinguiſhed himſelf by eee Mr. Du Faye's 
two contrary electricities of glaſs and ſulphur, with which both 
he and Dr. Franklin were at that time wholly. unacquainted: 
But Mr. Kinnerſley had a great advantage. over Mr. Du Faye; 
for, an his experiments in a more adyanced ſtate of the- 


vat toner, © v. 55. ; J Ib. p. 81, 98. 


ſcience, 


1 1 
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ſcience, he ſaw immedia ately; that the. two contrary electticities 
of glaſs and ſulphur were the very ſame poſitive and negative 
electricities, which had 8 been r by Dr. Watſon ae 
Dr. Frank © fot \ 
HF obſerved, that a cork ball, cleftified by a conductor 584 
excited glaſs,” would be attracted by excited amber and ſulphur; 
and repelled by excited glaſs and china; that electrifying the ball 
with the wire of a charged phial, it would be repelled by excit- 
ed glaſs, but attracted by excited ſulphur; and that when he 
electrified it by ſulphur or amber, till it became repelled: by 
them, it would be attracted by the wire of the phial, and re- 
pelled by its coating. Theſe experiments ſurprized him, very 
much, but by analogy he was led to infer, à priori, the follow- 
ing-paradoxes, as he calls them, which were afterwards den 
by Dr. Franklin at his requeſt.“ : 
116424 Jrs glaſs globe be cal at one Gy" of a . con- 
« ductor, and a ſulphur one at the other, both being equally | 
ein good order, and in equal motion, not a ſpark of fire can 
be obtained from the conductor, but one globe, will draw 
«. out: as-faſt as the other gives in 5 
2. Ir a phial be ſuſpended on the conductor e a 0 
from its coating to the table, and only one of the globes be 
«made uſe of at a time, twenty turns of the wheel, for inſtance, 
„will charge it; after which, as many turns of the other wheel 
7 4 wa diſcharge i itz and as many more will charge it again. 
3. Tux globes being both in motion, each having a ſepa- 
rate conductor, with a phial ſuſpended on one of them, and 
« the chain faſtened-to the other ; the phial will become charg- 
ed, one globe charging poſitively, and the other negatively. 
4 © Tab: phial being thus charged, hang it in like manner, 


1 55 
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© Franklin's Letters, p. 99- 3 
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we on Mi che © conductor. Set both wheels a going again, ani 
ec the ſame number of turns that charged it before will now 

4 diſcharge it, and the fame number rep! ated! grin wn e it 

2. again. * 

F. „ Warn each ane 0 conlambabincs with hs tame 1 

4% conductor, having a chain hanging from it to the table, one 

1 of them, when in motion (but which I cannot ſay) will draw 


< fire up through the cuſhion, and diſcharge i it, through the 


« chain; and the other will draw 'it up the RENE and 
ec « diſcharge it through the culhien ?“ 57142 2 hot e 
Wurxx Mr. Kinnerſſey was adviſing his _ to try the ex- 
periments with the ſulphur globe, he cautions him not to make 
uſe of chalk on the cuſhion, telling him that ſome fine powder- 
ed ſulphur would do better. And he expreſſes his hope that if 
the Doctor ſhould find the two gle obes to charge the prime con- 
ductor differently, he would be able to diſcover” atm e of 
determining which it was that charged poſitively. e 
DR. FRANKLIN, when theſe experiments and-conje&ur ene 
propoſecd to him, had no idea of their having any real foun 
but imagined, that che different attractions and repulſtons obſerv- 
ed by Mr. Kinnerſley proceeded rather fro: the greater or ſmall- 


er quantities of the electric fire, obtained from different bodies, 


than from its being either of a different kind, or having a differ- 
ent direction. But finding, upon trial, that the principal of Mr. 
| Kinnerfley's Tapas were r apy he had no woot 
of the reſt. * | 11 den 2 AN 
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Ix anſwer to the doubt of Mr. Ninberty; w rethe dee glad, I 


or the folphor electrißed eee the Dockor gave i it as nie 2 68 
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and ſnapping or rattling, w 
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— 2 > is 4 crogait act mottTbonol} 21 
1. BEcAvusE, though the auh 9 ſeemed to work 


equilly- well wich the glaſs one, yet it could never occaſion ſo 


large; and ſo diſtant a ſpark between his finger and conductor as 
when-the glaſs globe was uſed. But what he adds to confirm 
this proof does not ſeem to be ſatis factory. He ſuppoſes that bo- 
dies of a certain bigneſs cannot ſo eaſily part with the quantity 


of electrie fluid Which they have, and hold attracted within their 


ſubſtance, as they can receive an additional quantity upen theit 


ſurface; by Way of atmoſphere; und that therefore ſo much could 
not be dien Prarts * " PADS 0 een be- thrown: on 


| it.“ FE 1 * 


22 H 651 , Wat FEE 1 as hes; apical at 
the'end of e wire connected with the Conductor, Was long, 
ge, and much diverging when 1 the glaf globe Was uſed, and 


inde a fhapping or rattling noiſe; but that when the ſulphut 


globe was uſed, it was ſhort, ſmall, and made a hiſſing noiſe. 
He alſo obſerved, + at juſt the reverſe of both theſe caſes hap- 
pened when hs held che ame wire in his- hand, and the globes 
wete worked ilternately:” "The'bruth Was large, long, diverging, 

en the ſulphur globe was turned; 
but ſhort, ſmall, and hiffing, when the glaſs globe w as turned. 


When the bruſh. was long, large, and much diverging, it ſeem- 


ed to the Doctor, that the body to which i it joined was throwing 
the fire out, and when the contrary appeared, it ſeemed to be 


drinking in. + 


3. He obſerved, that when he held his knuckle before the 
fulphur globe, while it was turning, the ſeream SG. fire between 


* Franklin's Letters p. 104. + b. 


his 


2% = > HW 


' 


it cannot be ſuppoſed. that the eye ſhould be able to difinguilh 


aa © 7 [ÞMPROVEME NTS I 1 1. „PAR. 1. | 
hie knuckle and the globe ſcemed 10 ſptead on its ſurſace, as i 


it flowed from the Fi but Hafronche dels! it was other- 

| he; "Hz obſerved Ao the. 13 wind (ot 3050 was. called 10 
which; is felt as coming from an electrified point, was much 
more ſenſible when the glaſs globe, than When the ſulphur one 
was uſed. But theſe, though the beſt arguments which the 
ſenſes can furniſh, of the courſe of the electric fluid, the Doctor 
acknowledges were. but haſty thoughts. - Indeed, conſidering 
that the velocity of the electric fluid has been found, by enpe⸗ 


riment, to be, nearly, inſtantaneous in a circuit of many miles, 


which way it goes in the ſpace of one or two inches. * - + 
1; I SHALL conclude this article with. obſerving. that the exper p 


are re. much more cafily exhibited by the conductor and Jofol te 8 


rubber afitheret them, all the cffeds being the ere of ea 
other. 3 


8 - 


1 MusT now, he? the 3 Py leave of this i ingeniou 
writer and his fri- ade, afte er having. brought 1 1e e of theit 
labours to the year 1754, and muſt return to ſee what hat was, dg- 
ing on the continent of Europe for two or three e 
this data, while we e left it 0 0 80 over to Amatics. 1 
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Tur! HISTORY or earthy FROM THE TIME THAT pi 
FRANKLIN | MADE HIS EXPERIMENTS IN AMERICA, TILL 
"THE YEAR 1766. 1 


* 7 E are now entering open the laſt 2 into which the ; | 
hiſtory of electricity divides itſelf, in which the great va- | —_— 
riety of matter preſented to. our view muſt oblige an. hiſtorian to- _ 
have recourſe to the ſtricteſt method; for, otherwiſe, the narra- 
tion would be extremely perplexed and diſguſting. As this pe- 
riod contains the events of a larger ſ pace of time than moſt of the | _ 
others, yet. without any convenient reſting place 2 as the buſineſs | / 


n 


harveſt of diſcoveries, the ſeeds of which were ſown by Dr. Wat- . 
ſon, Dr. Franklin, and others, in the preceding periods; I am 


will not be found to be more than were neceſſary, in order to- 
prevent confuſion... 


Howzvex, this circumſtance, af the great quantity and vari- 9 
ety of materials furniſhed in this period, in proportion as it tends- — 
to embarraſs an hiſtorian, and exerciſe his talent for proper diſtri-- 
* 0 Y 53 . | . - bution: | | 14 


bution and arrangement, is a 
ich muſt give the greateſt pleaſure to all f ele 
city and Natural Philoſophy. If the progreſs continue the ſame 
in another period, of ngth, if r\ 
continue to be more plentiful, and the labourers proportionably 
all we fee unfolded, 
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ortant benefits may be 


2 
Wha 


= r * 
A 


* 
34 


2 


Wo 
* 


n 


wt 


* 


* 


PR 


2 
Spd + ny 


Pars. SRC. I. 


4 13 8 4 | 4 * \ 43 FEY TY, 1 * % e * 3 TX 8 * * r 1 + N 8.4 ** 8 * * N 4 7 5 3 1 * * 2 * » * ' # $7 q 4 5 


ty 
8 


« ®. 
* 9 p * £ : 7 - 2 - 
3 . a . _—_ 1 of [ 4 Kg 33 . % . 4 * 4 * 3 5 1 * 1 2 . 3 2 Fu * 
55 4 ? 112 2 4 4 KR 1 1 * TH 3 N ERS LES Fi EP 7 
— a 5 - 


= 
wm . w 3 4 
ER > 4 Þ\ — "» 17 — 1 hy + 3 „ 
i EE eee 


F 
1 " a of 3 7 } 7 
„ 3E$-$ { * 
* 


I ; 4 7 > + 
* 4 * * 2 , A 
45 ? ; F- 
+ 
r 3 4 


IMPROVEMENTS IN THE | ELECTRICAL APPARATUS, WITH 2 | 
PERIMENTS AND OBSERVATIONS RELATING TO 11. 


ere ichn on d man Nan 19 4 K 

* our electrical apparatus has been much improved within 

this period, I ſhall firſt recite what has occurred to me 
upon this ſubje& ; particularly the methods which have, from 
time to time, been communicated of increaſing, hs: a * 
r 4 by different circumſtances of excitation. 
- So early as the year 1751, ee Winck- 
ler's experiments, notice is taken of Mr. Canton's method of 
rubbing tubes with filk prepared with linſeed oil. Theſe he had. 
found, by the experience of ſome conſiderable time, to produce 
n MPR effect ppan abe but he had not 42 that 1 


1 g "EX - 7 
J x 1 
5 4 "i [| ># 4 # © E. $43 
1 


e en ado Mr: — chiming that by means 
of this rubber, a ſolid cylinder of glaſs, which had been ſet be- 
fore the fire till it was quite dry, might be excited as eaſily as a 
glaſs tube, ſo as to act like one in every reſpect ; that even * 
feſt ſtroke would make it ſtrongly electrical. + | 


Phil. Trunk Vol. 47. 7. 239. "in Vol. 48. pt. 1 f. 784. 


— 


geg 2 
1% Burichelgre 


eat — which Rr: Chriton, Mikko 


for increaſing the power of electricity, was by rubbing on the 
cuſhion of the globe, or on the oiled filk rubber of the tube, a 
| Amal) quantity of an amalgam of m. roaty' and tin, iwith 4 very 
\ inthe chalk-or whiting: By chis meats, a globe or tube may 
be excited to a very great degree with very little friction, eſpe- 
Cially if the rubber be made more damp or dry as occaſion x4 
require. x ot ah, eee oy $4583 LIDO SHRED AF 37: * 14430 40 
_ Wisent ſays, that a ene. excited 
cloth, on which ſome white wax or oil has been put, will throw 


out flames with a great noiſe in the dark. 1 Theſe flames, he 


days, he never knew to be thrown from a mm en ſome- 
times when they were firſt uſed. Tf 
Oyvs electrical apparatus e CHOY Augmented withir 
this period by the diſcc ry of father Windelinus Ammerſin of 
Switzerland, | 
the year 1754 has ſhewn us, that wood properly dried, till it 
becomes. very brown, is a non- conductor of electricity. He re- 
commends boiling the wood un linſeed oil, or covering it over 


vi. une 1 ene daied, d vent any return of moiſture 


od, ſo treated, ſeems to afford 


1 appearances of elericity than even glaſs.” He himſelf 


made uſe of common wooden meaſures; ſuch as are uſually found 
in granaries, firſt rens in oil, and after wards mounted, 156 as to 
| K ig 0% oF! 15 160 F548 2 N 1 


* Ur appears from dhe Philoſophical Tranfottions; "ſays; Mr: 
ilſon, ſo early as the year 1747; that Dr. Watſon having oc- 
Faton. to ſupport a long ire, in a experiment made near 
Shooter 8 hill, with a view to determine the Flagg, of. the elec- 
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» Phil. Trand Vol. 55. pt. 2. p. 46. + Wilcke, p. 124. 


3 th P. 126. 
adoly ; [| Phil. Tranſ. Vol 5% pt I, P- * 


widediwollen 


ho, in a Latin treatiſe, publiſhed at Lucern, in 
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ic fluid, uſed ſtakes of dry. wood, which he told him, wete 


Pots: $0 prevent the electric fluid a eee dhe 


pid A MORE r o 1 Derenving clecttieity th in b 
bak | 2d, was one that Signior Beccaria made uſe of. He put 
44% and warm cat's ſkin. upon his glaſs globe, and — it 
h his hand, excited a very powerful electricity. * * ne 
Tuxer wooden cylinders electrify poſitively or negativele 28 
the rubber is ſilk or flannel, but much more powerfully wh 
negative than when poſitive, owing to the roughneſs Which there 
generally, 1 is upon their ſurfaces, and therefore make an agreeable 
variety in an electrical apparatus. But the oldeſt and moſt uſtial 
N of procuring negative electricity was by globes of ful 
pau . ſe Mr LeRoi made by putting a oonting of ſulphur 15 
upgn a 6h lg abe gb glad. and then ſinoothing it with an hot iron; 
but Mr. Nollet preferred melting the ſulphur in the inſide er the 
glaſs globe, and then breaking the W off i ws bets this 
PS made a much. finer, poliſho Ek 
Ox globe he made of a mixture of arenen b gende plafs, 
but he found, that it had che ſume effect as if it had beeh all f 
ſulphur. He ſays that, when one part of this Was excited, 
dhe hs ſurface, became electrical. x42 209990} 
ras Bug ſince Mr, Canton's dicse od ue bee n 
_ rough glaſs, ſome le 
made rough by « eme; and the * — of taking off 
_ poliſh, was by. rubbing ther — ena Pol but 
Mr. Spee Uer, a mathematical inſtrument maker at Copenhagen, 
obſervers, in his letters upon-the ſubject of mand, that glls 


this 1 Ib. Vol. 51. pt. 2. 4 5 7 22 


ell r -p. 35. | 
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globes,” ik 
1 pole; heve n buch greater virtue; chitb m 
- the'poliſh giving them a Far e with reſpect to tl 
5 rubber. Ia 2519 *} LOS BE +2 If * n ien 115 AA i ie a SITE #1» 2 
th globe, 
ond! uctor wohnte _ 
* ty, squal in powe | "_ ive. tn ve 1 ne Wide?” lr 
ride dl che wider o preve from receiving any 
electric fire in its ſtate oi inſula 
Mx. Benoman aa 'U 
| glaſs globes could n - 1 bre — 
be lined e 11 „and that then 
they gave a much ſtronger . Gassi d thin —— + 551% 
In _ and other Places. Mr. Nollet informs us, it is the 
Nollet for PRE obfervienbne ole 
n kinds of £laſs, in the ſixth 
iea-in'the year 1964. row 41 
, that is equally eleQjiz 245 
re net fo ar all, er hardly at 
plaſs ax gt. Gobin in icardy. Ih — ſays he, an han- 


dred rimes,'in the form of plates, tub 8, a 
ein J 11 . A fcipor* | Hob | : | n 22 7 Fy „HN 
* Wikke, Pr 57+. + Dalibatd's FURRY b. 7 19: of Phi. 'F Franf. Vol. 52. pt. 2. . 455 
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2 dectricity) 
TRE glaſs « of which panes for windows are made, an 

is alſo uſed for drin ing glaſſes, when it is with manufactured, 
is excited With great difficulty, Ilave ofton, ſays he, repeated 
rubbed tubes, and other pieces even in the glaſs houſe where 
they were made; but without ſueceſs; and i it has hot (Been till 
after ſore mofiths, and ſometime: e eee them 
| to act. ſu 20 127 0/58. ibo Nil 1h; 16:5 3.2 It 414 SHR 145- 
I is certain, and „ey hw ia tanth: idle ö char glaſh 
becomes tore fit for electrical experiments by force of rubbing; 


sit een, rec {ſome e e globes 
and tubes to act well. 2 — *. Nai birne WES [27% 5 


. He did not think wh theſe acts ea 0 Pp either 
Wo" Taps Coutts wr the different colours: 
leed, was evident fromm ſome globes acquiring 

which had it not originally. The glaſs of 
which bottles den ide 0 Severs ſerved him very well; whereas 
lobes of wh e ee did We wr a beer ap 


dae +; is. V I 43 1.7 n 


ain kinds of f pal were 


iti 


. dee 


ie = & — — ; 


* factory. * Godin, and at Cherbourg (che hard- 


elt, che mod chip ass dhe be ended of alk tie Kinds of 
glaſs in Prane ay was the moſt diffic ult to be e red: - '\whereas | 


the ehe gel Hat Ente, that 66 Bobieia;/ Ke. which/ang 
tuch ſoftkr. were the belt of all for experiments in electrieity- 
He lays, marggver, that he bad procured, imperfect glaſſes, | 
which h had not been long enough i in, the furnace to be elear ; and 
210 22 | — a that, 


n 


190 IMR ov EMENT Shs Fr I. 


that, though they were of the ſame compe doſition as 


* 


lates of glaſs, 
which, he obſerved before, was not n aide er wen at 
| theſe were excited very ſenſibly. - | 517% 
H ſays that a globe of ten or . nches ee and 
4 | | which makes about four revolutions in a ſecond of time, will re- 
; convenient rubbing ; but that we moſt: not expect that 
if the globe be one half, or one fourth part greater or toll, that 
5 the effects will be increaſed or diminiſhed in proportion. * _ 
5 UNE Vo the ſubject of inſulating bodies, he obſerves, that when 
155 crea of ſulphur; rofin, ſealing wax, and bees wax are made 
uſe of for this purpoſe, they ought to be well cooled before they 
are uſed: for, he ſays, he has conſtantly. obſerved, that when 
they are newly made, they are not ſo proper to inſulate bodies, 
as they generally are at the end of ſome months rtf, ow 
II will be proper, under this head, to acquaint ur > elec- 
tricians, that globes have been ſeveral times known to burſt 
during the act of excitation, and that the fragments have been 
thrown with great violence in every direction, fo as to be very 
dangerous for the by ſtanders. This accident happened to Mr. 
Sabatelli in Italy, Mr. Nollet in France, Mr. Beraud at Lyons, 
Mr. Boze at Wittemburgh, Mr. Le Cat at Rag and Mr. 
Robein at Rennes. 
Tux air in the inſide of Mr. Sabatelli- 8 8 Fee no commu- 


nication wah the external air, but that of A Abbe N ollet had. 


« 


. e vt was more NO A ma thick, burſt like a 3 
in the hands of a ſervant who was rubbing it; and the fragments 
(the largeſt of which were not more than an inch in diameter) 


were * on all ſides, to a conſiderable. fiſtages.:. The 


” * Lops de nale v Vol. 6. r. are. + + w. 5. 205. 3 5 | 
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Abbe fays} that alb tlie globes which were burſt in that manner 
exploded after five or fix turns of the Wheel and; he aſeribes 
this effect to the action of the electrit matter, making the par- 
ticles: of the glaſs vibrate in a manner he could not conceiver f 
Wurd Mr. Beraud's globe burſt (and he was the firſt to whom 
this accident was ever known to happen) he was making ſome 
experiments in the dark, on the 8th of February 1750; when a 
noiſe was firſt heard, as of ſomething rending to pieces; then 
followed the exploſion, and when the-lights were brought in, it 
was obſerved, that thoſe places of the floor which were oppoſite 
to the equatorial diameter of the globe were ſtrewed with ſmaller 
pieces, and in greater numbers than thoſe which were oppoſite 
to other parts of it. This globe had been cracked, but it had 
been in conſtant uſe in that ſtate above a year, and the crack 
had extended itſelf from the pole to the equator. The proprie- 
tor aſcribed the accident to the vibration of the particles of glaſs, 
and thought at the crack had ſome way WRAY thoſe vibra- 
tions. Þ _- 
WIN Mr. Boze's ks kcdke, be PP 45 the whole of i it 
ee in the act of breaking, like a flaming coal; a circum- 
ſtance which we ſhall fee accounted. for anda, Mr. 
Wilcke. 4 
Mx. BouLANGER ſays, that glaſs "bps 8 fancies burſt 
like bombs, and have. wounded many perſons, and that their 
fragments have even penetrated ſeveral inches into a wall. || He 
alſo ſays, that if globes burſt in whirling by the gun barrel's. 
touching them, they burſt with the ſame ARGS the ſplinters. 
| uten entering into the wall. F-: 9 0 141 
Tux Abbe Nollet had a globe of ſalphie which allo burſt, as 


* Nollet's Letters, Vol. 1. p. 19. f Fliſtoire, p. 85. t Wilcke, p. 124. 
| | Boulanger, P. 23. $ Ib. p. 144. 


he 


| 
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he was rubbing i it with his rinks 15305 after two or three turns 
of the wheel, having firſt cracked inwardly. It broke into very 
ſmall pieces, which flew to a great diſtance; and into a fine 


duſt, of which part flew againſt his naked breaſt; where it 


entered the {kin ſo deep, that it could not t be hom off mins the 
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OnsERvATIONs ON THE CONDUCTING POWER o r VARIOUS $UB- 
STANCES, AND PARTICULARLY Mx. CANTON's EXPERI- 
MENTS ON AIR AND SIGNIOR BECCARIA's ON AIR, AND 
WATER. 


\ 


7 NE of the Pale aſluts in in © ihe ſcience of dleRticity, 
is to aſcertain wherein conſiſts the diſtinction between thoſe 
bodies which are conductors, and thoſe which are non- conductors 
of the electric fluid. All that has been done relating to this queſ- 
tion, till the preſent time, amounts to nothing more than obſer- 
vations, how near theſe two claſſes of bodies approach one ano- 
ther; and before the petiod of which I am now treating, theſe 
obſervations were few, general, and ſuperficial. But I ſhall now 
preſent my reader with ſeveral very curious and accurate expe- 
riments, which, though they do not give us ſatisfaction with 
reſpect to the great defideratim above-mentioned ; yet throw-ſome 
light upon the ſubject. They ſhow that ſubſtances which had 
been conſidered as perfect conduQors, or non- conductors, are ſo 
only to a certain degree; and that, probably, all the known 

parts of nature have, in ſome meaſure, the properties of both. 
TxsE experiments were made by two perſons, whom, in the 
doi of hiſtory, 1 may juſtly call two of the 1 2 of 
LEES * 18 
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this part of my work ; viz. Mu. Gaar whoſe diſcoveries 
in electricity are far more numerous, and more conſiderable than 
thoſe of any other perſon, within this period, in England; and 
SIGNIOR BECCARIA, one of the moſt eminent of all the electri- 
cians abroad. 


THAT air was capable of receiving electricity by communica- 
tion, and of retaining it when e had not been diſcovered 
by any perſon before Mr. Canton; but, by the help of one of 
his exquiſite contrivances, he was able to aſcertain that delicate 
circumſtance, and even meaſure the degree of it, if i it was in the 
| leaſt conſiderable. 

Hz got a pair of balls, turned in a lathe, out of the ay pith 
of elder. Theſe he put into a narrow box, with a fliding cover, 
ſo diſpoſed. that the threads (which were of the fineſt linen) were 
kept ſtraight in the box, Holding this box by the. extremity of 
the cover, the balls would hang freely from a pin in the infide. 
Theſe balls, hung at a ſufficient diſtance Mm buildings, trees, 
&c. eaſily ſhow the electricity of the atmoſphere. They alſo 
determine whether the electricity of the clouds, and the air be 
poſitive, by the decreaſe ;/ or negative, by the inoreaſe of their 
repulſion, at the approach of excited amber or ſealing wax. 
By the help of this inſtrument, he obſerved, that it was 
polible to electrify the air of a room near the apparatus 3, and 
even the air of, the whole room in which it was, to a conſiderable 

degree, aud he was able to do it both poſitively, ang vegatiyely. 
IN a paper read at the Royal Society, December the 6th, 1753, 
hacking, that the common air of a room might be electrified 
to a conſiderable degree, ſo as not to part with its Sion for 
ſometime. Having rendered dhe air of his roam very dry, by means 
of a fare, he electriſied a tin tube (with a pair of balls ſuſpended at 
one of its extremities) to a great degree; when it appeared, that the 
neigh- 
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neighbouring air. waslikewiſe;clefrified.,.” For, Wet touched 
the tube with his finger, or other conductor, the balls, notwith- 


ſanding, continued to repel one another, though not at ſo great 
a diſtance as before. *- But he obſerves that their repul ſion would 
decreaſe as they were moved towards the floor, wainſcot, or any 
of the furniture; and tliat they would touch each other when 
brought within a ſmall diſtance of any conductor. Some degree 
of this electric power, he has known to continue in the air above 
an hour after the eben of the tube, when we weather dan cen 
* deckte the air, or the moiſture contained in it, n 
r. Canton ſupported, by filk ſtretched between two chairs 
(ce back to back; at the diſtance of about three feet) a tin tube 
with'a fine ſewing needle at one end of it ; and rubbed ſulphur, 
ſealing wax, or a rough glaſs tube as near as he could to the other 
end, for three or four minutes; ; after which he found the air to 
be negatively electrical, and that it would continue ſo a confider- 
able time after the apparatus was removed into another room . 
Ix a paper dated November the 11th. 1754, he ſays, that dry 
air, at a great diſtance from the earth, if in an electric ſtate, will 
continue ſo till it meets with ſome conductor, is probable from 
the following experiment. An exeited glaſs tube, with its na- 
tural poliſh, being placed upright in the middle of a room (by 
putting one end of it in an hole, made for that purpoſe, in a 
block of wood) would, generally, loſe its electricity in leſs than 
five minutes, by attracting to it a ſufficient quantity of moiſture, 
to conduct the electric fluid from all parts of its ſurface to the 
floor; but if, immediately after it was excited, it was placed, in 
the ſame manner, before a good fire, at the diſtance of about two 
feet, where no moiſture would adhere to its ſurface, it would 


* Phil. Tranſ. Vol. 49. pt. 1. p. 300. + Ib. Vol. 22 Pt. 2. p. 784. 
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em electrical a ne day, and. how much longer he KHER 
| norden 2 1314“ os $5 

Ms the publication: of the firſt eden of this 70 e. Mr. 
Canton has hit upon another, much readier, and more powerful 
method of communicating electricity to the air than that deſcribed 
above. This he gives me leave to publiſh, and it appears to me 
to be of ſuch a nature, as that it may very poſſibly lead to further 
diſcoveries concerning the electricity of the atmoſphere, and the 
phenomena depending upon it. Take,” ifays he, a charged 
e phial in one hand, and a lighted candle, inſulated in the other; 
<« and, going into any room, bring the wire of the phial very near 
« to the flame of the candle, and hold it there about half a 
a minute: then carry the phial and candle out of the room, and 
« return with the pith balls, ſuſpended, and held at arms length. 
« The balls will begin to ſeparate on entering the room, and. 
« will ſtand an inch and e or two inches TY parts when. 

« brought near the middle of it.” 24 

 _ S1GNIOR BECCARIA, who had no knowledge of bet Mr. 
Canton had done, made the ſame diſcovery of the communicati- 
on of electricity to the air, and diverſified the experiment in a 
much more pleaſing and ſatisfactory manner. He proves, that. 
the air, which i is contiguous to an electrified body, acquires, by 
degrees, the ſame electricity; that this electricity of the air 
counteracts that of the body, and leſſens its effects; and that as 
the air aequiten, ſo it alſo parts it aarieley very ſlow- 
He began his arise by hanging linen. hiredds upon an 
clectrified chain, and obſerving, that they diverged the moſt af- 
ter a few turns of his globe. After that, they came nearer to- 


* Phil. Tranſ. Vol. 18. pt. 2. p. 784. 
gether, 
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gether, notwithſtanding he kept n. the Lt EP the exci- 
tation was as powerful as ever.“ {75 
Wurn he had kept the chain electrißed a :eoefiduiable time, | 

and then diſcontinued the friction, the threads collapſed by de- 
grees, till they hung parallel. After this, they began to diverge 
again, without any freſh electrification; and, if the air was 
| ſill, this ſecond divergence would continue an hour, or more. 

Tus divergence was leflened by the electrification of the chain. 
For if the globe was turned again, the threads would firſt be- 
come parallel, and then begin to diverge again as before. Thus 
the ſecond divergence of the threads took place, when the chain 
was deprived of its electricity, and when that which the air had 
acquired began to ſhow itſelf. 

WHILE the threads were beginning to diverge with the elec- 
tricity of the air, if he touched the chain, and thereby took off 
what remained of its electricity, the threads would ſeparate far- 
ther. Thus the more the electricity of the chain was leſſened, 
the more did the electricity of the air appear. 

WuiLE the threads were in their ſecond divergence, he hung 
two other threads, ſhorter than the former, by another filk 
thread to the chain; and when all the electricity of the chain 
was taken quite away, they would ſeparate, like the former 
threads. | 
Ir he preſented other threads to the former, in their ſecond 
divergence, they would all avoid one another. 4 

In this complete and elegant manner did Signior Beccaria de- 
monſtrate, that air actually receives electricity by communicati- 
on, and loſes it by degrees; and that the electricity of the air 
eounteracts that of the body which conveys — to t. 


Lettere dell' Elettriciſmo, p. 87. Ib. p. 90. 
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- StoN1oR' BrecAxIA alſo made a variety of other experiments, 
which demonſtrate other mutual affections of the air and the 
electtic fluid; particularly ſome that prove their mutual repulſi- 
on; and that the electric fluid, in paſſing _ ww — 
of air, makes a temporary vacuum. 

HE brought the ends of two wires within a ſmall 3 1 
one another, in a glaſs tube, one end of which was cloſed, and 
the other immerged in water; and obſerved, that the water ſunk 
in the tube, every time that a ſpark paſſed from the one to the 
other, the electric fluid having repelled the air. * 

_ Hz made the electric exploſion a great number of times,. in 
the ſame air, incloſed in a glaſs tube, in order to aſcertain whe- 
ther the elaſticity of the air was affected by it; but he could not 
find any alteration. After the operation, he broke the tube un- 
der water, but neither did any air make its eſcape, nor any wa- 
ter force its way into the tube. The experiment was made 
with all the precaution, with reſpect t to heat aaa Fold” that the 
nature of the caſe required. 

SG NOR BECCARIA's experiments on water, rowing its im- 

Sefton as a conductor, are more ſurprizing than thoſe he 
made upon air, ſhowing its imperfection in the contrary reſpect, 
They prove that water conducts electricity according to its quan- 
tity, and that a ſmall quantity of water makes a very great reſiſt- 
ance to the paſſage of the electric fluid. 
HF made tubes, full of water, part uf the electric circuit, 
and obſerved, that when they were very ſmall, they would not 
tranſmit a ſhock, but that the ſhock increaſed: as wider tubes 
were uſed. 4 


Bur what aſtoniſnes us moſt in Signior Beccaria's experi- 


9 Elettriciſms Gi naturale, p. 110. f Ib. p. 81. Ib. p. 113. 
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ments with water, is his making the electric ſpark viſible in it, 
notwithſtanding its being a real conductor of electricity. No- 
thing, however, can ts more AR how imperfect a con- 
ductor it is. 

H x inſerted wires, ſo as marks to meet, in ſmall tubes Glled 
with' water; and, diſcharging ſhocks through them, the electric 
ſpark was viſible between their points, as if no water had been 
in the place. The tubes were qo broken to pieces, and 
the fragments driven to a conſiderable diſtance. This was evi- 
dently occaſioned by the repulſion of the water, and its incom- 
preſſibility, it not being able to give way far enough within 
itſelf, and the force with which it was. repelled 8 _y | 
great ; | 

Tux force with which ſmall quantities of water are - thus re- 
pelled by the electric fluid, he ſays, is prodigious. By means 
of a charge of four hundred ſquare inches, he broke a glaſs tube 
two lines thick, when the picces were driven to the diſtance-of 
twenty feet. Nay he ſometimes broke tubes eight, or ten lines 
thick, and the gots were driven to 8 888 diſtances i in pro- 
portion. T- 

He found the effect of the electric ark upon water greater 
than the effect of a ſpark of commom fire on gunpowder ; and 
ſays he does not doubt, but that, if a method could be found of 
managing them equally well, a cannon charged with water 
would be more dreadful than one charged with gunpowder. 
He atually charged a glaſs tube with water, and but a ſmall 
ball into it, when it was diſcharged with great force, ſo as to 
bury itſelf 3 in ſome clay he placed to receive it. 4 


* Elettricifino arüßdäle ge vhtorate, p. 114. + Lettere dell elettriciſmo, p. 74. 1 p. 75, 
76. Ms. LuLLin ſays, he produced much greater effects than theſe, by making the electric 
ſpark viſible in oi inſtead of water. Oil being a much worſe conductor, the ſpark in it 
would be larger. Diſſertatio Phyſica, Pe 26. 
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Tu1s reſiſtance which ſmall quantities of water make to the 
electric matter, he imagined, was greater than the reſiſtance made 
to it by air. * And yet he thought it was poſſible, that, in this 
caſe, the electric matter might not act upon the water immedi- 

ately, but upon the fixed air that was in it. For when the tubes 
were not broken, he obſerved that a great number of air bubbles 
were let looſe, through the whole maſs of the water, roſe to the 
top, and mixed with the common atmoſphere. + mY 

Hz alſo imagined that the electric fluid acted upon the fixed 
air in all bodies, though no experiment could make it ſenſible, 

On the contrary, he ſuppoſed that the action of the electric 
matter tended to fix elaſtic air, by exciting a ſul phureous matter, 
which Dr. Hales ſhows to have that property.|| But the experi- 
ment aboye-mentioned, of the electric ſpark taken in a cloſed 
tube, doth not favour this ſuppoſition. x 574 

Wurm a ſmall drop of water was put between the points of 
two wires, and a large ſhock paſſed through them, the water was 
equally diſperſed on the inſide of a glaſs ſphere, in which they 
were all incloſed. In the ſame manner, he conjectures, that 
the action of the electric matter een the evaporation of 
. 5 

D1scHARGING a ck e a quantity of water, poured 
on a flat ſurface, where ſome parts of the circuit were purpoſely 
left almoſt dry; thoſe parts became quite dry ſooner tan they 
would have. been, if no ſhock had paſſed through them. 
Uros this principle he accounts for the ſuppoſed burſting of 
the blood veſſels in. ſmall birds killed by the electric ſhock. + 
And when a muſcle contracts by the ſhock, he ſuppoſes it is ow- 


* Elettriciſmo artificial. &c. p. N Ib. N t Ib. p. 83. IIb. 
| . Þ. i, Ib. p- 121, + Ib, p. 128. | 
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ing to the dilatation of the fluids their fibres contain, as elec- 
trie matter paſſes through them. 7” 
So imperfe& a conductor of electricity is mere water, that, 
he thought, a green leaf conducted a ſhock better than an equal 
thickneſs of water. * If this be true, and vegetable fluids con- 
duct electricity better than water, it will confirm a conjecture 
vhich Dr. Franklin told me, he had drawn from ſome experiments 
that he had not properly purſued, VIZ. that animal fluids con- 
ducted electricity better than water. He tried milk many years 
ago; and Mr. Kinnerſley, and others in America, have ſince 
tried blood and urine, and alſo the finews of animals newly kil- 
led; and they were all found to de W good conductors, 
remarkably better than water. | 
| St6xtoR BECCARIA alfo found, that even metal was not a 
perfect conductor of electricity, but made ſome reſiſtance to the 
paſſage of the electric fluid. This he even aſcertained, by mea- 
ſuring the time that it was retarded, in its paſſing through long 
and ſmall wires, notwithſtanding the experiments which had | 
been made before, that ſeemed to prove the contrary. | 
HI ſuſpended a wire of 500 Paris feet, in a large building, 
and, by means of a pendulum which vibrated half ſeconds, 
obſerved, that light bodies placed under a ball of gilt paper, at 
one end, did not move, till, at leaſt, one vibration of this pen- 
dulum, after he had applicd the wire of a charged __ to the 
other. 
TRxyixe the ſame with a bümper cord, he could count t fix, | 
or more vibrations before they would ſtir ; but when he had 
vow the cord, they were moved after two or three vibrati- 
ns. + He does not, however, abſolutely ſay that, the elec- 


0 Elettriciſmo antificiale, 5 1%  +tÞbp.ci : 
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tric fluid muſt have taken up all this time in its progreſs, as 
it might require a certain quantity of the fluid, before it could 
raiſe the light bodies. But he did imagine, that it moved with 
more velocity, in proportion as the bodies into which it paſſed 
had more or leſs of the fluid before.“ And he was confirmed 
in this opinion by ſeveral phenomena of the atmoſphere, which 
will be related in their proper place; particularly by ſeeing, 
very evidently, the progreſs of a June of Gore: matter in 
the air, as it advanced to ſtrike his kite... 

To theſe experiments of Signior Beccaria on the FAS 
powers of air and water, I ſhall ſabjoin another curious ſet of 
the ſame author, ſhowing the manner in which the ſmoke of 
roſin and of colophonia is affected by the approach of an elec- 
trified body, as they have a very near affinity to this ſubject. 

ReyEaTinG Dr. Franklin's experiments to make electric at- 
moſpheres viſible with the fume of colophonia, which he pre- 
ferred, for this purpoſe, to. roſin; he obſerved ſeveral curious 
circumſtances, which had eſcaped the notice of that ingenious 
philoſopher. 

He heated the colophonia on a coal; "nh he held in a ſpoon 
under an electrified cube of metal; and obſerved, that when 
part of the ſmoak aſcended to the cube, another part covered 
the handle of the ſpoon, and ſpread to his hand. + | 

TR ſmoke lay higher on the flat parts of the cube than on the 
edges, and corners. 

Ir a ſpark was taken from the conductor, the ſmoke was 
thrown into an en but preſently ralumed. its former ſitu- 


ation. 


* Elettriciſmo artificiale, p. 51. Ib. p. 72. 
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Tux cube with its atmoſphere gave larger, and longer * 
than a cube not ſurrounded with one. 

A LARGER ſpark might be taken _—_ it tin the ſpoon, hob 
by any other body. 

HavinG inſulated the ſpoon, he obſerved, that n any of 
the ſmoke went to the cube; and that what happened to go near 
it was not affected by it, any more than it would have been by 
any other body. He put his finger to the ſpoon, and the form- 
er phenomena returned. Taking it off again, the ſmoke that 
had ſettled on the cube ſoon diſperſed. * 

Up this head of the electricity of various l it 
will not be improper to mention an experiment made by Mr. 
Henry Eeles of Liſmore in Ireland, which, he thought, proved 
that ſteam, and exhalations of all kinds, are electrical. The pa- 
per containing this account was read at the ape n April 
the 23d. 1755. 

He electrified a piece of down, ſuſpended on the middle of a 
long filk ſtring, and made ſteam and ſmoke of ſeveral kinds paſs 
under it, and through it; and obſerved, that its electricity was 
not in the leaſt diminiſhed, as he thought it would have been, if 
the vapour had been non- electric, and conſequently had taken 
away with it part of the electric matter with which the down was 
loaded. He obſerved that the effe& was the ſame, whether the 
down was electrified with glaſs or wax, which he thought was 
not eaſy to be accounted for. T 

To this experiment Dr. Darwin of Litchfield, in a letter 
addreſſed to the Royal Society, and read May the 5th. 17 57» 
anſwers; that many electrified bodies, and particularly all 
light, dry, animal and vegetable ſubſtances, will not eaſily part 


FEletuiciſmo artificiale, p. 73, 74. + Phil, Tran Vol. 49. * I. p. 153. 
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with their electricity, though they be touched, for a conſiderable 
time, with conductors. He touched a feather, electrified like 
that of Mr. Eeles, nine times with his finger, and ſtill found 
it electrified. A cork ball was en ſeven times in ten {e- 
conds before it was exhauſted. *. | 

Mx. KIXNERSLEY of Philadelphia; ina letter dited March 
1503 ; informs his friend and correſpondent Dr. Franklin, then 
in England, that he could not electrify any thing by means of 
ſteam from electrified boiling water; from whence he concluded, 
that, contrary to what had been before ſuppoſed by himſelf and 
his friend, ſteam was ſo far from riſing electrified, that | it left 
its ſhare of common electricity behind. + I: $3 404 a 

To try the effects of electricity upon air, Mr. Kinnerſley 
contrived an excellent inſtrument, which he calls an electrical 
air thermometer. It conſiſted of a glaſs tube, about eleven inches 
long, and one inch in diameter, made air tight, cloſed with 
braſs caps at each end, and a fmall tube, open at both ends, 
let down through the upper plate, into ſome water at the bottom 
of the wider tube. Within this veſſel he placed two wires, one 
deſcending from the braſs cap at the upper end, and the other 
aſcending from the braſs cap at the lower end ; through which 
he could diſcharge a jar, or tranſmit a ſpark, &c. and at the 
ſame time ſee the expanſion of the air in the veſſel, by the riſe 
of the water, in the ſmall tube. With this inſtrument he made 
the following experiments, related in a letter to Dr. i ranklin, 
dated March the 12th. 1761. | | 

HE ſet the thermometer on an electric ſtand, with the chain 
fixed to the prime conductor, and kept it well electrized a 
conſiderable time; but this produced no conſiderable effect: 


Phil. Tranſ. Vol. 50. pt. 1. p. 252. + Ib. Vol. 53. pt. 1. p. 84. 
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from whence he inferred, that the electric fire, when in a ſtate 
of reſt, had no more heat than the air, and other matter where- 
in it reſides. 

Wurx the two wires within the veſſel were in contact, a 
large charge of electricity, from above thirty ſquare feet of 
coated glaſs, produced no rarefaction in the air; which ſhow- 
ed, that the wires were not heated by the fire paſſing through 
them. 

Wuzn the wires were about two inches aſunder, the charge 
of a three pint bottle, darting from one to the other, rarefied 
the air very evidently ; which ſhewed, that the electric fire pro- 
duced heat in itſelf, as Mr. Kinnerſley 278. as well as in the 
air, by its rapid motion. 

Tux charge of a jar which contained about five gallons and a 
half, darting from wire to wire, would caufe a prodigious ex- 
panſion in the air; and the charge of his battery of thirty ſquare 
feet of coated glaſs would raiſe the water in the ſmall tube 
quite to the top. Upon the coaleſcing of the air, the column 
of water, by its gravity, inſtantly ſubſided, till it was in equili- 
brio with the rarified air. It then gradually deſcended, as the 
air cooled, and ſettled where it ſtood before. By carefully ob- 
ſerving at what height the deſcending water firſt ſtopped, the 
degree of rarefaction, he ſays, might be diſcovered, which. in 
great exploſions, was very conſiderable. 

Ir is obvious to remark, that the firſt ſudden riſe of the water 
of Mr. Kinnerſley's thermometer, upon an exploſion being made 
in the veſſel which contained it, is not to be aſcribed to the 
rarefaction of the air by heat, but to the quantity of air actually 
diſplaced by the electrical flaſh. It is only when that firſt ſud- 
den riſe is ſubſided, as Mr Kinnerſley himſelf obſerves, that 
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the degree of its rarefaction by the heat can be eſtimated, viz. 
by the height at which the water then ſtands above the common 
level. | 
DR. FRANKLIN had ſaid, that ice failed to conduct a | ſhock 
of electricity); and Mr. Bergman, in a letter to Mr. Wilſon, 
read at the Royal Society November the 2oth. 1760, ſhows 
(what Signior Beccaria had done before) that a ſmall quantity 
of water failed as much as the ice had done with Dr. Franklin, 
who ſeems to have made uſe of an icicle which, Mr. Bergman 
thought, was not large enough for the purpoſe. From hence 
he ſuſpected that large quantities of ice would tranſmit a ſhock 
of electricity as perfectly as a large quantity of water. 
HoweEveR, he ſeems, afterwards, to have changed his ſenti- 
ments with reſpect to ice: for, in a ſubſequent paper, read at 
the Royal Society March the 18th. 1762, when he had remarked 
that ſnow would not conduct the electric ſhock ; he ſays, he 
believes, if he could procure plates of ice of a proper thickneſs, 
he could charge them in the ſame manner as glaſs. T? 
Jou axxESs FRANcISscus C1GNA was ſo fully perſuaded of the 
non- conducting power of ice, that he made uſe of it in an ex- 
periment, deſigned to aſcertain whether electric ſubſtances did, 
according to Dr. Franklin's hypotheſis, contain more of the elec- 
tric matter than other bodies. He incloſed a quantity of ice in 
a glaſs veſſel, and when he thought he had converted it from an 
electric to a non- electric by melting; he tried whether it was 
electrified; but, though he found no appearance of its having 
acquired any more of the fluid than it ought to have in its new 
| ſtate, he does not ſeem to have given up his opinion. þ: Wot 


phil. Tranſ. Vol. 51, pt. 2. p. go8. + Ib. Vol. 52, pt. 2. p. 485. 
Memoirs of the Academy at Turin, for the year 1765. p. 47. 
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In the laſt part of this work the reader will find ſome experi- 
ments, which, it is imagined, will aſcertain the claſs of bodies 
in which ice ought to be ranked, by proving its conduQting power 

to be, at leaſt, nearly equal to that of water. | 
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Mx. CANTON's EXPERIMENTS PpART I. 
SECTION III. 


Mx. CANTON's EXPERIMENTS AND DISCOVERIES RELATING 
TO THE SURFACES OF ELECTRIC BODIES, AND OTHERS MADE 
IN PURSUANCE OF THEM, OR RELATING TO THE SAME $SUB=- 
JECT 3 ALL TENDING TO ASCERTAIN THE DISTINCTION BER 
TWEEN THE TWO ELECTRICITIES. 


FTF this laſt period of the hiſtory, the ſame electricity had 

always been produced by the ſame electric. The friction 
of glaſs had always produced a poſitive, and the friction of ſealing. 
wax, &c. had always produced a negative electricity. Theſe 
were thought to be eſſential, and unchangeable properties of thoſe 
ſubſtances ; and hence the one was by many called the vitreous, 
and the other the reſinous electricity; and to electrify negatively, 
or produce a reſinous electricity by means of glaſs; or to electrify 
poſitively, that is, produce a vitreous electricity, by means of 
ſealing wax, &c, would have been thought as great a paradox, 
as to electrify at all by the friction of braſs or iron. For though 
it was not known why the electric matter ſhould flow from the 
rubber to the excited glaſs, or to the rubber from excited ſealing 
wax, the fact had been invariable ; and nothing is even mention- 


ed 
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ed to have happened, in the courſe of any experiments, that could 


lead a perſon to ſuſpect the poſſibility of the contrary. 
WHarT then muſt have been the ſurpriſe of electricians, to find 


that theſe different powers of glaſs and ſulphur were fo far from 
being invariable, that they were even interchangeable ; and that 
the ſame glaſs tube could be made to aſſume the powers of both! 
And what muſt have been their ſatisfaction to find the circum- 
ſtance on which the convertibility of thoſe oppoſite powers de- 
pended, completely aſcertained. This ſurpriſe and pleaſure was 
given them by Mr. Canton, who ſhowed that it depended only 
on the rubber, and the ſurface of the glaſs, whether it electrified 
poſitively or negatively. 

| In what manner, by what train of thought, or by what acci- 
dent he was led to this diſcovery, this excellent philoſopher has 
not been pleaſed to inform us; but it is certainly a diſcovery 
-which, in an eminent manner, diſtinguiſhes this period of my 
hiſtory. It throws great light upon the doctrine of poſitive and 


Negative electricity, and led the way to other diſcoveries which 
throw ſtill more light upon it. 


Txrs ſubject of the two electricities ſeems to have engaged the 
attention of electricians in a more particular manner, in the whole 
cCourſe of this period, and ever ſince the diſcovery of Dr. Frank- 
lin, that the electricity of the two ſurfaces of charged glaſs are 
always contrary to one another. Accordingly, the reader will 
find ſeveral ſections in this period of the hiſtory relating to it; 
but he will find that though much has been done, much yet 
remains to be done; and that we are ſtill far from thoroughly 
underſtanding the nature of the two electricities, with their de- 
pendence upon and relation to one another. 

PrEvious to the communication of the diſcovery itſelf, Mr. 
Canton obſerves, that ſealing wax might have poſitive electricity 


Tm ſuperinduced 
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ſuperinduced upon it. He excited a ſtick of ſealing wax about 
two feet and a half in length, and an inch in diameter; and, 
holding it by the middle, he drew an excited glaſs tube ſeveral 
times over one part of it, without touching the other. The 
conſequence was, that half which had been expoſed to the acti- 
on of the excited glaſs was poſitive, and the other half negative: 
for the former half deſtroyed the repelling power of balls elec- 
trified by glaſs, while the other half increaſed it.“ lh 
Tux experiments, which prove that the appearances of poſi- 
tive and negative electricity depend upon the ſurface of the 
electrics, and that of the rubber, were made i in * latter end of 
December 1753. | 
Havins rubbed a glaſs tube with a piece of thin ene ied, 
and flour of emery mixed with water, till its tranſparency was 
intirely deſtroyed, he excited it (when it was made perfectly 
clean and dry) with new flannel, and found it act in all reſpects. 
like excited ſulphur or ſealing wax. The electric fire ſeemed 
to iſſue from the knuckle, or end of the finger, and to ſpread 
itſelf on the ſurface of the tube, in a very beautiful manner. 
Ix this rough or unpoliſhed tube was excited by a piece of dry 
oiled filk, eſpecially when rubbed over with a little chalk or 
whiting, it would act like a glaſs tube with its natural poliſh. 
In this caſe the electric fire appeared only at the knuckle, or the 
end of the finger, where it ſcemed to be very much. condenſed, 
before it entered. Ke 7 
Bur if the rough tube was greaſed al over wich tallow from 
a candle, and as much as poſſible of it wiped off with a napkin, 


then the oiled filk would receive. a kind of po by an it; 


. Phil Tranf, Vol. 48. pt. I, . 356. 


and: 
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and, after à few ſtrokes, would make the tube act in the ſame 
manner as when excited at firſt by flannel. 

Tux oiled ſilk, when covered with chalk or whiting, eld 
Ades greaſed rough tube act again like a poliſhed one; but 
if the friction was continued till the rubber became ſmooth, the 
electric power would * changed to that of en. ſealing 
| Wax, &. i 7 

Tuvs, ſays he, may the poſitive and negative powers of elec- 
tricity be produced at- pleaſure, by altering the ſurfaces of the 
tube and rubber, according as the one or the other is moſt affect- 
ed by the friction between them, For if the poliſh be taken 
off one half of a tube, the different powers may be excited with 
the ſame rubber at a ſingle ſtroke; and, he adds, the rubber is 
found to move much eakicr over dhe rough. than over the poliſh- 
ed part of it. 

_ Trar poliſhed glaſs clearified poſitively, and ae * rub- 
bed with flannel negatively, ſeemed plain from the appearance 
of the light between the knuckle, or end of the finger, and the 
reſpective tubes. But this, Mr. Canton thought, was farther 
confirmed by obſerving, that a poliſhed glaſs tube, when excit- 
ed by ſmooth oiled ſilk, if the hand was kept three inches, at leaſt, 
from the top of the rubber, would, at every ſtroke, appear ta throw 
out a great number of diverging pencils of electric fire; but that 
none were ever ſeen to accompany the rubbing of ſulphur, ſeal- 
ing wax, &c. nor was he ever able to make any ſenſible altera- 
tion in the air of a room merely by the friction of thoſe bodies; 
whereas the glaſs tube, when excited ſo as to emit pencils, 
would, in a few minutes, electrify the air, to ſuch a_ degree, 
that, after the tube was carried away, a pair of balls, about the 
ſize of the ſmalleſt peas, turned out of cork, or the pith of elder, 
and hung to a wire by linen threads of ſix inches long, would 
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repel S's FIG to the diſtance of an inch and an bal, when held 
at arms length i in the. middle of he room : 
| AFTER theſe experiments of Mr. Canton, Mer Wilſon made 
ſeveral; which throw. a little more light upon this-curious ſub⸗ 
jet; but it is difficult to draw any general coneluſion from them, 
and his own is not ſufficiently determinate. It is, that two elec- 
tries being rubbed together, the body whoſe ſubſtance is hardeff, 
and electric power ſtrongeſt, will always be plus, and the ſofteſt 
and weakeſt minus. + Rubbing the tourmalin and amber toge. 
5 ther, he produced a plus electricity on both ſides the 2 _ 
a minus on the amber; but rubbing the tourmalin ang diamone 
together, both ſides of the tourmalin were 8 minus, and 
* ens plus. 92 2 
Tuxsz experiments, | which, os thought] e this * po: 
Ae encouraged him to try what would be the effect of rub- 
bing or forcing air againſt different electrics, and the effects were 
very conſiderable. In theſe experiments he only made uſe of a 
common pair of bellows, and his firſt experiment was upon the 
tourmalin. "This ſubſtance he brought near the end of the pipe, 
-and found, that after it had received about twenty blaſts, it was 
electrified plus on both fides. Air, therefore, ſeemed to he leſs 
electric than the tourmalin. C 
= InTo the place of the tourmalin, he brought a pane of glaſs, 
and blew againſt it the ſame number of times as in the former 
experiment; and when he had examined both ſides, he found 
that they were electrified Plus alſo, but leſs than the tour- 
malin. 


AMBER, treated i in the ſame manner, was dleftrified le f thin | 
the glaſs. 


* 7 5 
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FH next had recourſe: to a ſmith's bellows... The difference | 
which theſe occaſioned. was only a much ſtronger electricity! in 
the tourmalin. Amber was ſtill weaker than the glaſs; ; and the 

glaſs weaker than the tourmalin. 
Haix in view the medium (which, 65 p 55 e 1 | 
laid | neat. ſtreſs. upon, as conſtituting. the difference between . 
ele and non-electrics) he conſidered that heat would rarify 
it on * e, the particles of air; by which means, air, 
having its reſiſtance leſſened, would more readily part with 
the ie fluid, and, of ee 1 more power: | 
fully. . 31 

Tux pipe ol the bellows being Fac red hot, he blew againſt 

the tourmalin, twelve times only, which was eight times leſs 
than in the former experiment with cold air. In this. experi- 
ment the tourmalin was electriſied plur on both fides, but to a 

conſiderable degree more than was done in the former experi- | 
ments. The hot air had the ſame effect upon glaſs, but elec- 
trified it leſs than the tourmalin : and amber ; though, like the 
other bodies, it received an increaſe of power by the ſame treat- 
ment, was electrified the leaſt of all. 
© From the air electrifying more powerfully 0 it was BA 
| than when it was cold, and the tourmalin being electrified mot 
than glaſs, and glaſs more than amber, as appeared by the laſt 
, experiments; ; we ſeem, ſays. Mr. Wilſon, to have obtained. 2 
proof, that the whole atmoſphere 1 is conſtantly promoting a flow 
of the electric fluid, by the alternate changes of heat and cold; 
and further, that air is not only leſs electric than the tournalip, 
but leſs than glaſs, or even amber. * 


Io another paper, read at the Royal Society November the 
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WE av greg the infide: of a large Leyden bottle Pu, by 

©; meats of a conducting wire from an excited glaſs globe; he ſet 
it on a "Rand. of prepared wood, and ti took away the conducting 
Wire, after which the mo ath” de che bottle was cloſed wih a 
topple of glass. hen the pointed end of an hory coονor 
Was brought oppoſite tot the middle of the bottle, and about two 
inches from it. Upon doing this, the balls were electrified 
Minus and the more ſo as the ivory Was 1 nearer (bop 5 
in an horizontal directen. Fee ee e een e 

Bor, on removing the ivory to ett Wes the minis 
dea decreaſed ; and, at a certain diſtance,” there was not 
any fi ign of it remaining; but when the diſtance was increaſed to 
about eighteen inches from the bottle, a plus electricity appear- 
ed, hien. continued even after the | _— Was removed 19 9 
away. 2 : 

"Wirn a yer of baked wood he eleQrified the balls hang= 
ing to the ivory minus, at the diſtance 'of four feet or more, by 
Holding the cylinder over the middle of the ivory, and continuing 
it there; and, on moving it nearer, they were more ſtrongly 
eledrified minus, but the ſame cylinder, on removing it back 


again to the diſtance of two or his feet, or em eleQrified 
the bel phe, = On | 
Wurx another ee cs: Hit 1 's or points, 
Was uſed, inſtead of the! ivory, and without any thing hanging 
from it, the ſame cylinder held over the metal (as was done in 
the laſt experiment over the i ivory, at me” diſtance of two et) 
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produced a plus electricity; * this was. ed weaker. as the 
cylinder was. moved nearer; but by leſſening the diſtance to a 
bout one foot, the minus electricity took place. In theſe caſes 

Mr. Wilſon thought, that the plus appearance aroſe from the 

earth, air, or other neighbouring holes. +. 

Wurd the preceding experiments were firſt 05 55 was a 
little embaraſſed, by the uncertain appearances of a plus dect a 
city at one time, and a minus at another, in the ſame experiment; 
but, by repeated trials and obſervations, he found, that a p/us- 
or minus electricity may be produced at pleaſure, by carefully 
attending to the three following circumſtances; viz, the form of 
the bodies, their den or n removal, 60g Fe Ae of f 
electrifying. eG 

MR. WILsox, alter = proceeds. 2 to mention 1 ther 
ee ee of a very nice. nature, where, the lighteſt and. al- 
maſt. impercepgible differences, In the poſition; or in the. courſe. of 
the friction of two bodies produce, 1 in either of them, the Plus 
electricity at one time, and the minus at another. Such, ſays he, 
are the effects of this ſubtle and active fluid, when the experi- 
ments are carefully made; and therefore they require the moſt 
ſerupulqus-atient ion to trace out the cauſes which occaſion them. 
-/ SEALING Wax and ſilyer were t the bodies uſed in the two firſt 
experiments, but many other ſubſtances ſeemed to perform as 
well. The fealing wax was clean, and undiſturbed by any fric- 
tion Whatever, but chat of the air ſurtounding it, and had been 
ſa for ſome hours. The ſilver was fixed to a piece of prepared 
wood, Which was alſo mtu from friction for the lame length 
of time. Then, tak ing one of thoſe. ſubſtances, i in each hand; 
the filver being at the = of the wood the fartheſt from the 
hand, he, laid the ſmootheſt part of the ſilver upon the ſealing 


Fax: and mored it along the ſurface Lebt. once only, and 
With 
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with a very fight preſſure, after which the ae n eledrified 
E and the wax minus. i, 
On repeating the erptriment with equal: care, E in hn! 
ſame manner, except that the ſmooth fide of the filver was a 
little inclined, fo that the edge of it preſſed againſt the wax; 
the filver, after” moving it as before, Was electrified minus, and 
the wax Mis, eme to what was obſerved i in the laſt a 
. ment. . . * 5 
ene penn d. deset 57 0 Ns . 3 
ons of the flat or edge of the ſilver, ſeemed to ariſe from an alter- 
ation made in the ſurface of the wax, by deſtroying the poliſh in 
one caſe, and not in the other; and in this reſpect reden the 
poliſhed and rough glaſs mentioned before.. 
 Uyon making uſe of prepared wood inſtead of wax, and em- 
| ploying different degrees of prefſure in the friction, with the 
ſame edge of the ſilver, he produced the like appearances; the 
leaſt preſſure cauſing a plus, and the greateſt EI? a minus 
appearance in the ſilver. F 
ALAN piece of ſteel well poliſhed, ind the ed ges. 1 
off, afforded the fame appearances, by only. applying the flat 
furface to the wood, but it required more preſſing to produce 
the minus effect in this caſe then it Wig in the en nee the 
edge was concerned. e WT 
Wu rk the reaſon offered above * ier tele laſt 
curious appearances be true'or not, Mr. Wilſon did not venture 
to affirm, for want of farther experiments; but thus much he 
thought might be ſafely advanced, that we have learned to pro- 
duce at pleaſure a plus or minus electricity from the ſame bodies, 
1 attending to the manner of their application and figion, 


e K tu . 


TEES | * Phil Teak voi 5 pt 2p *99, b. 


% * 
4 * q x © 
x 5 
. 4 
, at . 
: MR 


; 8 0 1 6 * =; 5 2 = 2 1 4 * 
. c cbs ac LES, 
on THz Two-BLECT 10 TIES. 21 


Mx. Penta in a letter to Mr. Wilſon, eG! | 
a Society February the 23d. 1764, gives an account of new. 
ious experiments of his, which, in conjunction with thoſe of Mr. 
Canton above-mentioned, concerning ſurfaces, may throw con- 
mee N n e 585 9h Nr _ COTE nel 
_— OT EN RIOT ITN ot, ; F 
Tun np were made with two pieces belag * alk, 
one of which was extended in a frame, while Mr. Bergman held 
the other in his hand. He obſerved, that if the two ſkains of 
filk were the ſame with reſpect to texture, colour, ſuperficies, and 
in every thing elſe, as far as could be Judged'; and if hedrew the 
whole length of the piece which he held in his hand over one 
part of that which was extended in the frame, the piece in his 
hand contracted the poſitive electricity, and the piece in the framo 
a negative. If he drew one part of that which he held in his 
hand over the whole een of the other the effects were reverſ- 
ed. 
_ -.» Tr the piece his hand was of a different iber from: that i in 
the frame (provided it was not black) the event was the ſame. 
- 'Tr the piece in his hand was black, it was always negative, 


which ever way it was rubbed, except the piece in the frame was | 


black too; for then, if the whole * of it was rubbed, it was 
electrifed poſitively. 7 

IN endeavouring to n fo ese WR _ 5 e 4 
che piece which was moſt rubbed was made ſmoother, and warm- 
er than the other; and was of opinion, that though ſmoothneſs 


did e diſpoſe bodies to be excited poſitively, yet that other circum- 


ſtances were alſo to be taken into conſideration; having found 
that when he held in his hand a ſkain of filk, which, by much 
friction, was made very ſmooth, and drew it over one part of 


en Kain, which was rough, and had never been uſed be- 


E. fore, 


i : —— 
5 , . 14 


Ne 


mY 'WILCRE EXPERIMENTS! | ar f. 
An that. the tough ſkain we 


” Gas 


8, nevertheleſs, poſitive: From 
this experiment he concluded, that this effect was, in ſome mea» 
ſure, owing to the colour; and, in eee 5 00 _— 
he was led to the following experiments. Wasen 555 
Is the piece in his hand was welt warmed, e! it ioakidrawn 
over one part of the piece in the frame, it becatne electrified ne- 
gatively, and the pieee in the frame poſitively. He made theſe 
experiments with the ſame ſucceſs upon lain, of alk . various 
: IO blue, green, red, white, &c, 
Irx the piece in the frame was black, it never echntutedn fe 
Hive: electricity, although the piece in his hand had been much 
heated, except this were black too. From theſe exper * 
he thought he might ſafely conclude, that heat did diſpoſe ſome 
ſubſtances, at leaſt; to a negative ſtate; and thought that the 
want of attention to this circumſtance might have occaſioned miſ- 
takes in the event of ſome experinients,, eſpecially thoſe concern 
ing iſland chryſtal. 5 
Fon the whole he concludes, that there is a- certain fixed 
rn with reſpect to negative and poſitive electricity, in which 
all Fe may be placed, while other circumſtances remain the 
ſame. | Let A, B,. C, D, E be certain ſubſtances, each of which, 
r rubbed with one which i is antecedent to it, is negative, 
but with a ſubſequent poſitive. In this caſe, the leſs diſtance 
there is between the bodies that are rubbed, the weaker, cer. 
par. will be the electricity; wherefore it will be ſtronger between 
A and E, than it will be between A and B. Heat, he ſays, 
diſpoſes bodies to a negative electricity, but if the diſtance above- 
mentioned be conſiderable, it may not be able to overcome, though 
it may weaken that electricity, as is evident from the ſkains of 
black filk. When a glaſs globe grows warm in whirling, we are 
. Jenfible that its nnn. power is diminiſhed, Is it not owing, 
Els 32 . 
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fays he, to this circuniſtance, that by heat it is more diſpoſed to 
negative electticity, by which means the diſtance above - mention- 
| ed between the glaſs and the rubber is leſſened? * ' | 

Uros the ſubject of this ſection, I muſt fl FLY to che 3 ac- 
quaintance of my reader two eminent electricians, whoſe diſ- 

erics will give him the greateſt. ſatis faction; I mean Mr. 
W1LCKE, and e the former of Roſtock in Lower Saxony, 
and the latter of Peterſburgh : a circumſtance which gives me an 
oceaſion of congratulating all the lovers of the ſciences, and par- 
ticularly of eleQricity, on the extenſive ſpread of their favourite 
ſtudies. What joy would it have given Mr. Hawkeſbee, or Mr. 
. to have foreſeen that two, ſuch admirable treatiſes. on the 
ſubject & of eleQrici Jy 48 thoſe of the perſons above-mentioned, 
would come from countries. fo. remote from the place of its 
„ * 3 CKE relates. many e curious 5experiments concerning. the 
; generation of what he calls  /bontaneaus electricity. produced by the 
liquifaction of electric ſubſtances, which, compared with thoſe 
of Mr. Canton, throw great light "aun the docvige of ware 
and negative glectricu g. 

Hx melted ſulphur. in an cartben. veſſel, * be ho: upon 
| conductors; then, letting them cool, he took out the ſulphur, 
and found it ſtrongly electrical; but it was not ſo when it, Had 
ſtood to cool upon electric ſubſtances,” TOI 

Hx melted ſulphur in glaſs veſſels, whercby ha both : acquir 
ed a teens eier in the Stenndnan Waere. 


in a the * *. l in the —_—_ 3 ad think A a n 
er virtue . if * laſs veſſel into which 1 were n 
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” was s coated with mera. 0 10 wel caſes,” ; he gle was aro po: 


that it's wg de acquired no electr ill it be cool, and 

contract, ane" was the Qronget who in the ſtate of hah con- 
traction; whereas thi elgctricity of the glaſs was, at the ſame 
time, the weakeſt; ante ch the ſtrongeſt of all when the ſulphur 


P ſhaken"out, before it eie to eee, and ne any 


8 | "4 * 
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| PorSvinG thefe experiments, he bound Ne melted ſealing 
wax, poured into glaſs, acquired. a negative electricity, but 
poured into fulphur it acquired a poſitive ele an left the 
fulphur negative. Sulphur poured into baked wood became 
negative. Sealing wax alſo poured into wood was negative, 1 
and the wood conſequently poſitive; but ſulphur poured into 
ſul Iphur, or into rough glaſs, acquired no electricity at all. * 
ExERIMEN Ts ſimilar to theſe were alſo made by inns. 
He poured melted ſulphur into metal cups, and obſerved that 
when the ſutphut was cool, the cup and the ſulphur together 
Hhowed no ſigns of electricity, but ſhowed very ſtrong ſigns of 
it the moment they were ſeparated. The electricity always 
diſappeared when the ſulphur was replaced in the cup, and re- 
vived upon being taken out again. The cup had acquired a ne- 
gative, and the fulphur a poſitive electricity; but if the elec- 
tricity of either of them had been taken off while they were ſe⸗ 
parate, they would both, hen united, ſhow figns of that elec- 
tricity which had not been taken off. This een he ob- 
kern was only on the ſurface of the fulphur. T 
Ma. WIL ck has, like wife, recited ſeveral curious experi- 
wents, which he made on the friction of various fubſtances, 


Which likewiſe gh Fonkgerable licht on the ſame ſubject. 


ads Ss : Wicke, p. 44, 6e, 4 Epi Tentames, p. 66, 70. 
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Svrrnun an glaſs rubbed — dats; a ſemga che- 
ti city, poſitive in the glaſs, and-negative in the ſulphu.. 
:- SULPHUR and ſealing Wax being rubbed together, e | 

became poſitive; and the ſulphur negative. 

Woo rubbed with cloth was always negative... 


Woop rubbed) againſt lng th: glaſs. be: 
eee glaſs poſitive. UG E. 
"SULPHUR rubbed 5 was always 83 ot this 
was the only caſe in which it was ſo; hut being rubbed. againſt 
lead ĩt became negative, and the metal poſitive; lead appearing, | 
| — to be not ſo good a conductor as the other metals. 
Arik theſe experiments, Mr. Wilcke gives the following 
catalog g ue of the eee ſubſtances duch which clearical. (Fe 
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ame negative, but 
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omi ele 
it in the liſt, and negative when rubbed. with a any, that precede "Hp 


it. 
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Smooth glaſs. White wax. 


Woollen clo. Rough glaſs. 
| Quills. | 7 e 
r Sulphur. 
Paper. | Other metals. * 
| Sealing wax. | 


In al experiments made to determine the order of theſe . 
ſtances, Mr. Wilcke ſays, that great care is neceſſary, to diſtin- 
gviſh original electrieity from that which is communicated, or 


the ones of friction. F | 


* Wikke, 5. 54 . + Ib. p. 6% 
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Or the ſame nat 
are the following of Apinus. 
pieces of looking glaſs, each ooereiniing An 
oblerved. that when they were ſeparated, 6 
. communicate with any con 5 b | 
electricity, the one poſitive and dhe orher negative. W 
they were pu begebe ag h, the 
but not if either of them had be 
| when they were aſunder; for in tl 
had the E ectticity of the other- 
he ſays, may be made with glaſs, and < | 
electrics, or with any electrie and a piece 


* 
- 
# + 
* 
2 5 I 
1 
633 2 | 
% 
* p , 
<0 RA . 
53 
f - 
; * f $8 4 
i 5 ; 
a 2 d 7 
T, * 7 * — p : * | 
9 . % 
moe 
» 3 
oe: : 
% 
5 - 
N — 
* . = 4 
i 
. * 
: — 0 
* e * m_ BE 
2 Y * "8. f 
a 2 * . 0 
1 
1 5 % 
> £ . * ies ; # 
*. 956 * 3 f : N 1 \ Fo 
Þ £2454 * ** 1 „„ 
— 
8 - 
% . K 
* 7 
1 4 . 
4 3 * * 9 1 ? 
m * * * 5 a. f p #*: o $4 5 ＋ 5 * 13 ; 
„ ©# + & 4 5 F +: * 5 , 
* * 
„ Pp 40 i ; : 
a * 4 7 . ij 
# 4 * W bes 4 * 2 . | - ; 
E £ , 0 
7 * 
, 
« 3 
| 3 . „ . 
| ; 5 
18 3 1 4 . n 2 : "Rk ; 
ny oy ey ae. ** Jen ien : ; 7 . A 
».4© * 3 . . I ” * « * 4 "7 p p : ; F ; 
” mY * £ * % & 4 4 : 
f pe i ; 
1 15 4 


. x . a * * 
& a 8 £4 * 7 | 

. . * -4 

4 + 
* 
- 
* 
* 
* 7 
Pl 
* 
. 


Pra. X. Sec. V e E Two 


- W „ : - — „ 6 q "ms : x F 53 N N 4* + jo # 5 p<. k 1 Er 4 4 
72111 1 | * 8 AM N. Bets 8 4 T5 } a % he 4 45 * 15 FEST WW, Lt Coir} Bs a> Z FEELS . 7 0 2 
5 3 f eee ' 
229 2 1 4 tt: 1417 "3 545 4 40 2 10 1817 3 {by 10 2:4 tb 
F c 4 2 * , C bs 
7 1 k . PT to E „ _ 8 bo 1 
is HUBER E 1: Ii FO. 9114 4 Cf 440 M" et CA. 7b N - £1 53+ {4 ine 
8 0 0 T I 0 N. Av. e 
p * f 4 1 1 
H 18 . e 
» 15 it: 24 Me £ T8} + 1 1 ti: ie en 8: 


D . 7 U 
s * * 3 err n A 2 3 4 . 
KA enn 1279. . * 140 100 C 


Ma. DELAVAL's Erber RELATING! 10 THE Two 


" ELECTRICITIES, AND ins conTrovensy \ WITH Mu. . CAN- 
TON vPoN THAT 8 $VB] ECT. da Lan 


2 % 4 £2 * 4 4 "2-35 Þ $4 
25 "T2 * 24 "+473 7"$1) 72 1 e 


28 


— * * + ” . 
er een G AS TER EE 1 if * FR F DER LITE A SISTER © <0 27 8 
4 To; £2477 10 323 TT 1 1 * # 4 4 1140 At l ALE #58 4 ASE EASIS ve 4 1 
4 * 4 - * 
1 
y ET | a 

> | TI — : 95 L $4. £4 >* 75 , . e N ; * * ? 1 4 *. 4 ba Cat's 
4” WA, : * - 5 8 * 57 7 71 * 4 EF =E=S& 1 3 94 7 1 1 i : 4 - F SS 7 : - « * 
"Ix Lea * Ev. P * 5 1 — 158 : ; 5 * & 4 #5 2. 4g „ Ne, gs + * . 4 4. 4 4” . 4 1 * * 83 4. 
9 a ; . : 8 


\ FR. CAN oN, in * courſe of xperiments hd. in 
| the preceding, ſection, clearly proved, that the production 

| 7 either of the two electricities depends intirely 1 upon, the ſurface 
of the excited electric with re ſpect to the rubber, and ſhowed, 
that the very fame glaſs tube would produce either of them at 
pleaſure ; yet, notwithſtanding this demonſtration, Mr. Delaval, 
ſeveral years. afterwards, Propoſed another. theory of the two 
electricities, which ſeems to be more ingenious than ſolid; 1 as it 
goes upon the old ſuppoſition of the different powers depending 
intirely upon the different ſubſtances themſelves. The account 
of this theory was read at the Royal Society March the 22d. 
1759. It neceſſarily occaſioned ſome controverſy with Mr Can- 
ton, in the courſe of which fome new experiments were made, 
and ſome new facts diſcovered ; on account of which I ſhall, 


with the utmoſt impartiality, report all that was advanced on 
denn ſides. 
Mp; Her A obſeryed, that there were two. of the pure 


„ 5 chymical 


e REP of Og viz. earth and. fulbbur, which 
were each poſſeſſed of a a different kind of electricity; one of 
which we might call a plus electricity, the other a minus and 
thought that it might be expected, that, in a body compounded 
of both, the oppoſite powers of thoſe ingredients would counter- 
balance, and deſtroy the effect of each other; and therefore, 
that bodies in which the negative and poſitive powers were equal, 
would be neutral, or non-electrics. Such a ſubſtance he took 
metal to be, conſiſting of calx and ſulphur; metals not being 
calcinable without a degree of heat ſufficient to diſſipate all their 
ſulphur; as is evident from their not being reducible again to 
their metallic form, without the admixture of ſome unctuous 
matter. The ſame diſſipation of ſulphur, he ſays, muſt take 
place in animal and vegetable ſubſtances, before they become 
white aſhes. Tranſparent ſtones he conſidered as little more 
than pure earth, free from the leaſt mixture of oil, 3 Judging oi of 
others by the chymical reſolution of chryſtal. 1 | 

'To confirm this theory, Mr. E Delaval made experiments 2 
dry powders of calcined metals, VIZ. ceruſs, lead aſhes, minium, 
calx of antimony, &c. incloſing them i in long glaſs tubes, and 
endeavouring to tranſmit the electric wirtue through them, and 
always finding it impoſſible. Animal and vegetable ſubſtances, 
when reduced to aſhes, ira alike Euer to ea es 
alſo the ruſt of metals. 

Hx was firſt led to theſe edperhingied; and to this p ebe 
by finding that dry mould would not conduct electricity. This 
he alſo tryed with dry Portland ſtone, ſome of which he had 
cut into plates nearly as thin as window glaſs. Theſe he heated 
to a proper degree, and coated them on both ſides with metal, 
in order to make the Leyden experiment. When the ſtone was 
hot e ws paper, it condued as F as when cold; 
but 
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but on cooling little; it began not to conduct, and afforded 
ſmall: ſhocks 3. which gradually inereaſed in ſtrength for about 
ten minutes, at which time it was about its moſt perfect ſtate, 
and remained fo-near a quarter of an hour. After that time, the 
ſhocks gradually decreaſed, as the ſtone grew cooler; till, at laſt, 
they ceaſed, and the ſtone returned; to its conducting ſtate Win, 
but this ſtate appeared before the ſtone was quite cold. | tþ 
-  ExPERIMENTS of this kind ſucceeded. with all bodies ahound- 
ing with calx, or earth, as ſtones, earth, dry elay, wood when 
rotten, or burned in the fice,. till the ſurface becomes black. 
Among other ſubſtances he tried a common tobacco pipe, part 
of which, near the middle, he heated to a proper degree, and 
then applied one end of it to an electrical bar, while the other 
was held in the hand; and he obſerycd, that the electric fluid 
paſſed no farther along the pipe than to the heated part. * , 
.. FROM theſe experiments Mr. Delaval inferred, that Hoes 
and other earthy ſubſtanceg were convertible, by ſeveral methods, 
and particularly by different degrees of heat, from non electrics 

to electrics. But finding, afterwards, that it was the opinion 
of ſome perſons (Mr. Canton was the perſon, chiefly hiated, at) 
that this change did not imm ediately, but only conſequentially 
depend on heat, by evaporating the moiſture, which would 
return again when the ſubſtance cooled; he obſerves, in a paper 
read at the Royal Society December the 17th. 1761, that the 
tobacco pipe loſt its electricity before i it was cold, and, 1 therefore | 
before it could haye imbibed moiſture ſufficient to deſtroy its 
electricity; and beſides, that the ſubſtance employed. in the ex- 
periment was not of that kind of bodies ich. is apt cents 
to en maik from the air. | Pra Bs 
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eco _ =COne men, e thee 
ſurfaces w 8 d ut beate with appear to be cond 
his again: "Hot uff, he fays, m 
| 5 8 * tr! ity, by bringing a red hot iron poker, but for 
ment, within three ot four inches of a ſmall electrifled 
de perceived, chat ĩts electrie power would 
F not me; deſtroyed; and by bringing excited 
def Pitti en Hel E he flame Gk candle? wen it would 
50e its edge, before it had” Senger 3 ſenſible __ of 
heat. e 
To confirm this tions * eriex obſereid, chat be 
tourt alin „ Brat topaz, and Bra emerald, would give much 
ſtronger figns of electrieity when cooling, after they had been 
Keld about a minute within two inehes of an almoſt ſurrounding 
fice, where the air is a conductor, then they ever will after heat- 
ing they in boiling water. He adds, that if both fides of thoſe 
W be equalhy heated, in a leſs degree, than will make the 
1 urrounding air a conductor, the electricity of each fide,” whe- 
ther plus or minus, would c Welse fo all the time the ſtone was 
both heating and cooling, but would increaſe while it was heat- 
ing, and decteaſe while it was cooling ; ; whereas, if the heat was 
ſufficient to make the ſurrouncding air conduct the electric fluid 
from the poſitive ſide of the ſtone to the negative fide of it, 
while it was heating, the electricity of each fide would increafe 


while the ſtone was cooling, and, be contrary to 8 it was 
While the ſtone was 1 wal | 


As 
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As to the e pipe, Mr. Canten ſays, that it not only 
"tracts the moiſture of the air, but abſorbs it. Hence a tobac- . 
co pipe, after it begins to ol, will become a conductor again 
ſooner than wood. And that it imbibes moiſture faſter than 
wood, he lays, i 18 evident, becauſe when wetted, i it will not con- 
| kinue wet ſo long as, wood, imbibing the moiſture preſently... 118 

Tu ar tobacco pipe doe nat become a conductor by a particu- 
lac degree of heat, without evaporating its Ss is Menz, 
be ſays, from the following experiments. 

Ir three or four inches of one end of a tobacco pipe. of mor 
than. a foot i in length. be made red hot, without hon n 
the other end, this pipe. will prove. 1 gh cor 
the hot air ſurrou ding one and the moi 
ed in the other, although ſome part of it muſt 
of heat of a non- conductor. But if the l der pipe 0. 24 2 
hot, and ſuffered to cool. till it has only. ſuperficial moiſture 
| enough to make it a good conductor, and then three. or four 
inches of one end be 1 a . hot, it will hecome! a mann 
conductor. 3 1 rofl 

Ir A nail be placed at, or near each end ce laggidh . 
any of the abſorbent bodies above-mentioned, ſo as the point of 
each nail may be about half the thicknels of the body within its 
furface; ; this at „ by heat, may be made a non- conductor ex 
ternally or ſuperficially, while it remains a good conductor inter- 
nally. For the electric fluid will readily paſs from one nail to the 
other, through the middle of the body, when it will not paſs on 
its ſurface, and even when the internal parts of the body are in an 
equal degree of heat with the external, as they muſt ſoon be af 
ter it begins to oo. But if the ſame body be expoſed, for A 
ſhort time, to a greater degree of heat. than Ne or if it be 
: | G 38: a kept 


a 


WE: p ; ＋ Ss 


1 1 a - *4 
CD roared. 
ray; » Wh 42 992 | 21 25 b Ws 8 4 * . j } 18 Ae 3 27 - 40 
pd Hirn arid ratio od 


| 8 un e 07 heat to render them electric or . 5 
independant of moiſture, mentions a ſabſtance which, he ſays, is 
affected by heat in an oppoſite r . former 

finer the degrees of heat, neceffüry 
Audeaze, makes this non-Jle@tic. 

L „ Tur ſubſtance was and 


bry e "A Wi Gen for i its 
lar property of a double refraction) on à piece of which hi 


| made the. following obſervations: 1. After this piece of chryſta nix 

| Hhail/been-eubbed, when the heat of the air was moderate, it ſhow- 

a En. ed ſigus of electricity, though not very ſtrong ones.” 2. If the 
| | Heat was increaſed, ſo as to be a little greater than chat of the 
=. hand, it deſtre 


oyed its electrie 3 intirely. * By cooling the 

. 0 eckrie 1 | . = [992354 bit * S 

/ ryſtal into a i Veltel fed wich 

1 quiokſlver, and ſurrouded with ice, e it remained near two 
N hours, when the weather was very cold ; and obſerved, that, 
2 king it out with 2 pair of Fre Per ir . be 


„ late 0 pon Bog wg at 
| diſt: "FAV 8 the e, 1 dlectie property was again de- 
dran. for that rubbing would not occaſion any ſigns of it. 
| Tunus, ſays he, we fee two. different kinds of fixed bodies, 

the one of which acquires an electric property with the fame 

N heat with which another loſes it; while a third ſet of ſubſtances, 


as glaſs, &c. retain their electricity 1 bots the r of 
den neceflary to dhe other two. N 


— 


2 En i ee hi. Tranſ. vol. 54. pe 3 p. 459. : 
| | | SOME 
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Sober p des of flin&'eBryſtel;- nick he had So cured: f 
different- places, had not the property of loſing their electricity 
by moderate heut. He had, in particular, a piece of that 
-hryſt tal, 9 — of which, when greatly heated, became non- 

ile the other part, with the ſame heat, or even with - 


2. 4 
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Fron convert: that ths degree of —— 
chryſtal firſt mentioned was in its moſt perfect electric ſtate, 
| was leſs than the uſual Reat of the air, and that a ſmall inereaſe 
of that heat rendered ĩt non- electric; he did not think it impro- 
bable, that many ſubſtances, which are not known to be electric, 
might prove ſo, if expoſed to a nmr ng. ah: of cold then en 


have been hitherto examined i in.“ 


vacuo es: not 0 en the li wy of rſs rugs as in the 

luminous barometer, or within an evacuated glaſs ball, but would 

alſo electrify the glaſs on the outſide, he immerged a piece of 

dry glaſs in a baſon of mercury ; and found, that by taking it 

out, the mercury was electrified minus, and the glaſs electrified 

plus, to a conſiderable ree. He alſo found, that amber, 

ſealing wax, and iſland chryſtal, when taken out of mercury, 

were all electrified poſitively. How then, ſays he, does it ap- 1 9 
pear, that the electricity which was obſerved in rubbing the laſt ph 
mentioned ſubſtance, after it was taken out of mercury ſurround= f 5 5 
ed by ice, was owing to cold, and not to the friction between it 
and the mercury in taking i it out. Iſland ehryſtal when warm is 
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Me. CANTON's zxrzrMenTs AND. DISCOVERIES RELATING 
10 BODIES; IMMERGED.IN ELECTRIC ATMOSPHERES, WITH 
Tur ene OTHERS, MADE. BY PURSUING. REM. 
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1* a ſeQion 1 mall preſent my "reader with the fineſt ſeries 
of experiments that the whole hiſtory of electricity can exhi- 
ſt and in which we ſhall ſee diſplayed the genius and addreſs 
of four of the moſt eminent electricians in this whole period; 
viz, Mr. Canton, and Dr. Franklin, Engliſhmen ; and Mr. 
Wilcke, and Epinus, foreigners. Mr. Canton had the honour 
to take the lead, and he made all the eſſential experiments. 
Doctor Franklin profeſſedly purſued them; and though all bis 
frrength be put not forth on this occaſion, he diverſified the expe= 
riments, and made ſome improvement i in the method of account- 
ing for them. But Mr. Wilcke and Æpinus in conjunction 
carried the experiments vaſtly farther, and completed the diſco- 
very 3 which is, certainly, one of the greateſt that has been made | 
ſince the time of Dr. Franklin. . ſay the time of Dr. Franklin, 
though he himſelf be one of the perſons concerned; for by the 
time of Dr. Franklin will always be underſtood the time in which 
be made his capital diſcoveries in America. This will always 
be a diſtinguĩſhed epocha i in the hiſtory of Aer git, on. | 
which all his own future diſcoveries will be dated. N 


1 


* 


11 original experiments in this feQtion, en Mr. atten. 
firſt publiſhed them, in his uſual conciſe, though perſpicuous 
manner, without any preamble, to inform us how he was led to 
them, exhibit ſuch a variety of attractions and repulſions of elec- - 
trified bodies i in different circumſtances, as looked like the power 
of magie; and were they conducted with a little art, I do not 
know any electrical experiments (made without light, or _— 
mote proper for a deception of this kind. But when they àre at- 

tentively confidered, they demonſtrate a remarkable property of 

all electrified bodies, which has often been referred to in the 
_ courſe of this hiſtory, but which had not been attended to before; 
nor indeed do I apprehend it was fully underſtood, till it was ex- 
plained : in all its extent by Mr. Wilcke and Æpinus. It is, that 
the electric fluid, when there 1 is a redundancy e of i it in any body, 
repels the electric fluid, in any other body, when they are brought 
within. the ſphere of each other's influence, and drives i it into the 
remote parts of the body ; or quite out of it, if there be : any out- 
let for that purpoſe. In other words, bodies immerged i in elec- 
tric atmoſpheres always become poſſeſſed of the electricity, con- 
trary to that of the body, in whoſe atmoſphere they are immerg- 
ed. This Principle purſued led them to the method of charging 
a plate of air, like a plate of glaſs, and to make the moſt Piet 
Imitation. of the phenomena of thunder and lightning. 7 
Tre paper containing an account of Mr. Canton's experiments 
was read at the Royal Society December the 6th. IA8d> / 
Mx. CanrTon ſuſpended | cork balls, 'one pair, by linen threads, 
and another pair by filk ; then holding the excited tube at a con- 
ſiderable diſtance from the balls with the linen thread, they ſe- 
parated z. and, upon drawing it away, they immediately came 
| together : : but he was obliged to bring the excited tube. much 
nearer to the balls hanging by fk ee before. thay would 
e eee 3 ſeparate ; "2 


_ * «a - 
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ſeparate; though. — ee wel a ee e 
ſeparate for ſome time 
As the balls in the Ane of theſe ene ets not in- 
ſulated, Mr. Canton obſerves, that they could not properly be 
ſaid to be electrified; but that when they hung within the at- 
moſphere of the excited tube, they might attract and condenſe 
the electric fluid round about them, and be ſeparated by the 
repulſion of its particles. He conjectures alſo, that the balls, 
at this ume, contain leſs than their: common ſhare of the elec - 
tric fluid, on account of the repelling power of that- which 
| ſurcounds- hem, though ſome! may be continually entering and 
paſſing GO the threads. And if that be tlie caſe; he ſays, 
reaſon is plain why the balls hung by filk in the ſecond ex- 
nent muſt be in a much more denſe part of the atmoſphere: 
of — e before they will repel each other. He adds, tllat 
at the approach of an excited ſtick of wax to: the balls, in the 
fieſt experiment, the electric fire is ſuppoſed to come thtongh 
the threads: ines de bells, and to be condenſed” there, in its 
paſſage towards the wax; ſince, according to Dr. Franklin, 
. — emits the cleric! hid, and eee e 
it. " f ant 25 mugs 2 51170 oi a ck! 19 2 lt 1 ft 9477, 3 tft: * 128 175 
Wæuxx two balls, faſpended- by he a-divhdicajihi an 1 
; lane tin tube, were electrified N and had ſeparated 3 
he obſetved, that the app roach of the excited tube would make 
dem come ncarer together; if brouglit to a certain diſtance, 
they 3 ws wg if A e er. . 
again. SEW: 4 
Ix the return wok aha: and this i Sean cd Sl, 
till they touched, and then repel as at firſt. If the tin tube was 
electriſied by wax, or the wire of a charged phial; the balls 
r We e in the ſame manner at the approach o excited 
|; BER wax, 


* ee any epi 


. contained; and therefore ſome will be running off 


equal to the exceſs of the denſity of that within them abov 


as Aire ot cle phil. If * .billtwers cloves 


" jw their repulſion would be increaſed: at the app 


an excited ftick of wax. And: the effect would be the Aeg if 


towards ther, when tbophad been 
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periments; * — 
ſuf ppoled bes — arc dr to add to the electric fire 


trough the balls, and they will repel each other. But at the 


spproach of excited glaſs, which likewiſe emits the electric fluid, 


the diſcharge: of it from the balls will be diminiſhed, or part 
will be driven back, by a force acting i in a contrary direction, 
and they will come nearer together. If the tube be held at ſuch 
a diſtance from the balls, that the exceſs of the denſity of the 
fluid round about them above the common quantity in air, be 
common quantity contained in cork, their repulſion will be quite 


deſtroyed. But if the tube-be brought nearer, the fluid without 
being more denſe than that within the balls, it will be attracted 


by them, and they will recede from each other again. 
Mx. Canton farther obſerves; that When the apparatus 5 
loft part of its natural ſtore of this fluid, by the approach of ex- 


cited wax to one end of it, or is electrified negatively, the elec- 


trie fire is attracted and imbibed by the balls, to ſupply the de- 
ficiency; and that more plentifully at the approach of excited 
glaſs, or a body poſitively electrified, than before; whence the 
diſtance between the balls will be increaſed, as the fluid ſur- 
rounding them is augmented. And, in general, whether by 
the approach or receſs of any body, if the difference between 
een internal and external: fluid be increaſed, or 


diminiſhed ; 


bun. x. Soc. v. br noon men 4 


obſerve * hat — ths infulated tin! ;tbe' was not he 
ified; if the excited glaſs was brought towards the middle of 
it, the balls hanging at the end would'repel each other, and the 
more ſo as the excited tube was brought nearer. When it had 
been held a few ſecon s, at the diſtance of about ſix inches, and 
ne the balls would approach each other till they touch 
ed; and, ſeparating again, as the tube was removed: farther, 
would continue to repel when the tube was taken quite away. 
This laſt” repulſion. would be increaſed by the approach of ex- 
cited glaſs, and diminiſhed by that of excited wax; juſt as if ths 
5paratus had been ern en wall ative the manner deeribed 
in the laſt experiment. 
- He inſulated two tin tabes, which may be diſtinguithed by 
alling! them'A and B ſo as tobeina line with each other, 
and half an inch aſunder, and at che remote end of each ſuſ- 
pended a pair of cork balls. Then, upon bringing the excited 
glaſd tube towards the middle of A, and holding it a ſhort time 
at the diſtanee of a few'inches, he obſerved each pair of balls to 
ſeparate. Upon withdrawing the tube, the balls of A would 
come together, and chen repel each other again, but thoſe of B 
rould/ hardly be affected. By the approach of excited glaſs the 
OY the on 7 A weold' bon Hoteaſe, «ſi 0 of B 
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rmer of tele expetitients Mr. Side Abbe“ the 
ommon ſtock of electrie matter in the tin tube to be attenuated 
bout dle, and to be' condenſed at the ends, by the re- 
6 Logs of the atmoſphere of the excited glaſs tabs, 1 when 


Dan 921 Winne 
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of its a n of the electric fluid — ves any 
from the: ere As) aaa an — Jo more readily: er from the 


th r AG © 5870 Stef 3301 : Ul O TO : 8 tr! The 
"0 the latter of ny ett, Mr. Canton ſuppoſes un | 
part of the fluid driven out of one tin tube enters the other, 
which is found to be electrified poſitively,” by the decreaſing ö | 
the repulſion of its balls at 1 of nen Slaſs. Burig 
5 i = read n ere. at wal ime, er ren deriments 


Wilcke * SAY (which 3 in * copraly nothing. more than 
thoſe of Mr Canton) that they tend to refute the 
Typ nion, and are much eaſier explained upon the foppolizions. that 
the portion, of fluid. belonging to any electrified body is conſtantly 
held in contact, or yery nearly , in contact, with the body; 
but afts upon the electricity of other bodies at a certain diſtance. 
Dx. FRANKLIN purſued. or rather diverſified the. experiments 
& Mr. Canton, but retaining, likewiſe, the common opinion 
of electric atmoſpheres, he thought that the phenomena were i 
more eaſily explained upon the 8 that theſe atmoſ- 
zheres, being, brought near each other, did not eaſily mix, and 


unite into one atmoſphere, but remained ſeparate, | and repelled. 
each other; ; and moreover, that an electric atmoſphere, would 
not only repel another electric atmoſphere, but alſo the electric 
fluid contained in tho! nee 11 a * een it, and, 


LIT? uh 
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With Wee ne int o. be, ts 
of the body that contained tt 15958 40 
-Faovewit,miuft be difficult to aſſign a reaſon Ke 1 parti- 
cles of one atmoſphere, ſhould- repel: the particles, of another at- 
moſphere, or of the fluid contained in another body with more 
orce than they repel one another, on the particles of the. fluid 
contained in the body to which they belong; ſince the matter 
is the ſame in both: yet this idea of the mutual repulſion 
electric atmoſpheres, could. it once be ſuppoſed;, will certain- 
is and clear s; and the theory pleaſes on 


ly account for all che fac 
zecount of its dar teln. „Bet the bee appearances, Will be 
accounted for, i. s ſimple and. intelligible, upon the, 
ſuppoſition, t that 3 of electric fluid belonging to each 
body, being ſtrongly attracted by the body, is held in cloſe con- 
| tact with it.;, but that it acts hy repulſion upon the electrie fluid 
| belon ing to other bodies, at. a diſtance from, them; and that 
the electric fluid doth not actually paſß out of ane body into ano- 
ther, till it have firſt repelled the fluid out of the other body, 
and then be more ſtrongly attracted by the other. body, than 55 
hicl bas already got more than its natural Mare. 
HE paper containing an acepunt of theſe, enperiments of 8 
Franklin was read at che Royal Society December the 38th: 1758. 
His apparatus, was different from that of Mr. Canton, but ſtill 
he exhibited the ſame effects procgeding from the ſame cauſe. 
He fixed a taſſel of fifteen or twenty, threads, each three inches 
1 one end of his. prime conductor, which was five feet 
Ng; and, fou is in diameter, ſupported by e 1 8 
threads vere Aa ee damp, but not wet. i 
In theſe circumſtances, an excited tube ought: near «a: 1 
7 UM» bal ane ea. pbaüis to the me, ſos king 
Acc 8 20 4 er e EYE $7 009147 NN ſome 
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. An Rates, 1 ch of the -excitee „ | with 
Ins any fperks, made the threads — more; but, being 


on wither 620 x the ane ved bad den lei 
gere behind it. „ 
ght under . ive * n 


chern elofe a little, having driven part of their atmoſphercs into 


Tux excited tube brot 


the contluctor. Upon being withdrawn) they die rged as nuch; 
chat portion of their ztnivfpheres' which they Had Joſt returning 


again from the” ee and the ty adh ae your of 
its own. 5 8 15151 oY 40 U. 1 8418 I 
Tut excited tube, held gt the diſtance of five rt ee 
om 155 end of the conductor oppoſite to th threats, made them 
ſepatate; and; upon being withdrawn, they came together: 
but if, * ien Kate of ſeparation, a ſpark was taken from this 
conductor near them, they would cloſe ;/ and, upon tetnoving the 
tube, Would ſeparate. Ihe tube, Act bet "ca66," left no part of 
its atmoſphere” behind it. It only drove che natural Aa, of 
electricity contained in the conduẽte towards the” threads; and | 
part of t ing taken away by the ſpark, the tube would leave 
the conductor and threads- negative, in which caſe, they: wo 
repel -one/another; 4s if they been elecktified poſitively; | «* 
In this fitvation,” if the exeited tube was brought near the 
conductor, they would cloſe again; che atmoſphere of the tube 
Forcing that of the conductor into the threads, to ſupply the 
place of What they had loſt : but, upon withdrawing the tube, 
they would open again; the tube, as before, taking its whole 
nee away with it. When the 1 tube was brought 


under 


nder the thread: with JATAR they di- 
e more; the dee of the tube driving away more of 
e atmoſpheres of ha erb _ giving n n in a 
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Doctor br ght ths as vibe near . prime 
eense ef When it was not ele rified; and when'the threads 
ve e, thereby, made to diverge, he brought his finger near 
them; and obſerved, that they receded from it. This appearanee 
had been taken notice of by Mr. Hawkeſbee, and others. Dr. 
Franklin accounts for it by ſuppoſin g. that when his finger was 
plunge: into the atmoſphere of the glaſs tube, part of its natural 
electricity was driven back, through his hand and body, ſo as 5 
eave the finger negatively electrified, as well as the threads; 
which caſe they muſt neceſſarily repel one another. To a 
_ this hypothefis, he held a flender lock of cotton, two or three 
inches long, near the prime conductor, electrified by excited 
glaſs, which made the cotton ftretch itſelf towards the conduc- 
tor; and obſerved, that, in this ſtate, it would reeede from the 
finger of his other hand, at the ſame time that it was ane 
by a wire of a bottle charged poſitively. L? 

Tursx experiments of Dr. Franklin, made in hes of 
thoſe of Mr. Canton, were confirmed, a8 I obſerved n and . 
carried much farther by Mr. Wilcke and Zpinus: 

Mn. Witcke obſerves, that a ſmall body We in any 
electric atmoſphere, if it be touched by no other body, and 
be withdrawn before it be repelled, ſcarce ever ſnows any ſign 
of electricity; if any, it is of the ſame kind with that of the 
body into whoſe atmoſphere it was plunged. + If any body, 
communicating with the ground, be brought to this light body, 


* Phil, Tranſ. Vol. 49. Pt. 1. P. 300% + Wilcke, p. 73. 25 2555 
| while 


Pen to one 4 zothe 
them and obſerved. h. 
. tube to one end of 
play between them very falts, and if the tube were held a while 
at the ſame diſtance, would be & N withdrawing t 1 
tube, the motion of the cork: ball began inen and, at length, 
ceaſed gradually as before. If the conductors were removed 
from one another. while they were within the atmoſphere, of the 
tube, they would, upon being brought together again, give a 
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ſpark. This experiment confirmed the demonſtration, that the 
part of a body which is immerged 1 in the atmoſphere pf an ele 
tified hody acquines the contra 


— 


electricity. tft 
ration of this general. maxim 
He pl ced a ſmall weight upon 

one end of a large metallic conductor, and, by means of a ſilk 
ſtring, re removed it from the conductor, while the end on which 
it teſted was immerged i in the atm ſphere of an electr ied: body ; 
and found that it had actually. acquired a different electri- 


city from that of the atmoſphere. If the end of the conductor, 


oſt complete dem 


Bor the 
is an experiment of Spinus. 


oppoſite to that on. which. hi e weight was 4 placed, Was 
1 ; ** * #1 2. Wücke, p. 77. QC 41 + Ib. p- 726. 2 8 | 
N | „ die 
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made to-eommunicate with the earth, fill that her yr it which 
was near. the excited electtic was affected with the oppoſite ele 
trieity. Placing the moveable weight on the oppoſite end of 
the. — when it was inſulated, he found ame ſome- 


2 due en ohiloſopher « eonfiltios ag ths a 
1 principle muſt extend © glaſs and other electries; ſince they, 
eonductors, contain a certain quantity of the electrie 
0d dr tdel natural Nate. To verify this, he toe a glaſs cube, 
end eledrified one end of it poſitively.” The  conſeq lenee was, 
that four or five inches of that end were poſitive; but beyond 
there v ches negative, and beyond that che tube 
| n poſitive, thougt weakly 10. This experiment be re- 
Nees Aer with the fame ſucceſs ; as alſo when, inſtead 
of glaſs, he uſed a folid ſtick of ſulphur.” To account for this 
fact, he ſuppoſed, that the electricity communicated to the end 
5 ol the tube repell ed the natural quantity of the fluid in the glafs 
o for natural quantity retiring from its former 
, he ſup Sans e Wess een dans; and conſequ atly 
per er quantity of the fluid natural to the glaſs from 
its place; and that thus the whole rod would be alternately po- 5 
f tive ard negative. The author allerts, that | Rake "from. theory 
rr to e de 60 cok oy deen 
uae: of Dr. Franklin 8 principles of negative and Ppoki- 
ba electricity. + 
Turn W theſe. experiments Mpinus received from thoſe 


T2 | en + lb. p. 192. 1 
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ned. ilcke ; and cheſe genes, refiding | 
at t-the ang time at — purſued theſe curious experiments 
jointly... till chey were led by them to diſcover. a method: of 
charging a plate of air in the ſame manner as plates of glaſs had 
. uſually been charged, and to throw: ſill more waht aden tl 1. 
theory of the TAMOUS- . y den experime . in * 
In the above-mentioned experiments, theſe gen ee pi ge 
ed, that the negative ſtate of one of the bodies depended on the 

oppoſite ſtate of the other, Which was. known to be _—_—_ 6 
des of a charged pane of glaſs; and the res 


the impermeablity of the gl. to the electric fluid i in the one 
Ciaſe, and the impermeability of the air in the other. Upon this 
5 hint, they. made. ſeveral attempts. to give the electric ſhock by 
s of ail ucceeded, by ſuſpending l. 
boards of wood \ tin, with the flat ſides parallel 40 
one e another, en at bone eg aſunder. For they found, that 
| ing one of the boards poſitively, the other was al- 
ways negative, agreeable to the former experiment: but the diſ- 
-OVEry was ds; complete and indiſputable by a perſon's touch- 
ing one of the plates with one hand, and bringing his other hand 
to the other plate; for he then received a ee his bod 
mW like that of the Leyden experiment“. Fe I 
| With this plate of air, as we may call it, they e wy variety 
of: urious experiments. The tem mega} Plata, being in oppats i 
Rates, ſtrongly attractec r 
together, if they had n at, Wha zee * yi pig y ee 
times the — of both would be ans 17 a OE 


7 * 
* 2 N * * 
* * 13 
* - — 
2 ＋ 
> + 
s © V7, * 
* * TS. 
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den charge. A og put between Gem Ee the dic. 
Charge, ak 2 the ſhock. If an eminence was made on Wan 
of the plates, the ſelf diſcharge would always be made throu' 
| it, and a. pointed ws; top Wo 0 0 | A pſig chem "even 
being charged at all. OS: 1720 2 
Tux ſtate of theſe two Ae they nokta 0 july 
repreſents the ſtate of the clouds and the earth during a thunder 
the oppoſite; w while hs Sady of a air between them anſwers the 
fame purpoſe as the ſmall plate of air between the boarde, or tho 
plate of glaſs between the two metal coatings in n — ING 
periment. The phenomenon of lightning is the burſting o 
plate of air by a ſpontaneous discharge, which is — ; 
eb eminences, e odies ee which the dit 

n 1 wer k like yy Wray dip an ob 
nnen of the Abbe n b e ty neee vb Tved 


and more e when em, of them dent near toge- 
ther, to {ce the experiments. The conductor was then in one 
ſtate, and the company in another 7 — conſtituting a large 
ſurface, when any of them took a ſpark, as he thereby diſcharged 
the electricity of all the company, knee v feel it more eee 
than if he had ſtood fingle: + is 
Tuls diſcovery, of the met hed of ing * cleQric' heck 1 
means of a plate of air, may be reckoned one of the greateſt diſ- 
coveries in the ſcience of electricity ſince thoſe of Dr. Franklin. 
It is beautiful to obſerve how this fine diſcovery took its riſe 
| from the eee of Mr. Canton. Mr. Canton's 8 


wee pe fer. 1 w. p. 96, Kc. - | 


1 


klar 1. 


Ki | and choſe of De. Franklin pur> 


by 4E „ who — hd: WIR to besann by 1 rea- 
9 the conſequences of Dr. Franklin's' theory. Þ 

-Fxom theſe experiments he was alſo led to form a mote d if F 
tinct idea of the impermeability of glaſs to the electric fluid. 
dor ſince a plate of air might be charged as well as a plate of 
glaſs, that property, whatever it be, muſt be common to them 
much and cu not, as Dr. Franklin once ſuppoſed, be any 

eculiar to the internal ſtruckure of glaſs. Impermeability; 
* therefore, infers, muſt be common to all clerics ; — 
ſince they can all receive 3 by communication to a cer 
tain degree, it muſt conſiſt in the difficulty and ſlowneſs with 
which the electric fluid moves in their pores ; Wanne in 7 
fe conductor, it meets with no obſtruction at all.. We 
Ir was. chiefly t is courſe of experiments, alſo, that led Mr. 
| Apinas to deny the exiſtence of electric een confiſt- 
ing of effluvia from eleQrified bodies. 

Hs ſeems, however, to. conſider this as 1 5606 ET AY 3 Ba 
he herein differs, as he ſays, from all the electricians who had 
written before him, and even from Dr. Franklin himſelf. 
Thongh the common opinion, he ſays, is by no means counte- 
nanced by the general principles of his theory, which ſuppoſe 
the electric fluid to move with N n. every elec- 
trie ſubſtance like the air. 

laws thoſe. who might an chat an clefric atmoſphere 10 a 


8 * Epinl Fentamen, p. 84. 
e „ 8 1 = | thing 


pen. x. src. V on ELECTRIC ATMOSPHERES. 


thing obvious to the ſenſes; and no matter of theory; en 8 
may be felt Ike à ſpider's web upon the: hands or face ; he re- 
plies, that this feeling, together with the ſulphureous ſmell of 
electrified bodies, are only ſenſations excited by the action of 
ie fluid in the elefrified bodies upon the: cleQric Aud in the 

noſtrils; or the hand; or upon thoſe 
ſelves in an unelectrifled ſtate; and that they are not Fee by a 
perſen who is not W e Ne an en beg 
tricity. | 
1 therefore, thinks there never was ny ſufficient reaſon.to 
admit thoſe atmoſpheres ;' and declares, that vl 
the word, he means no more by it than the ſphere of act 7 
the electricity belonging to any body. Or, he ſays, "cho negh= 
bouring air, which is electrified by 185 may be ſo called. 5 
Bor that theſe atmoſpheres have little effect in clerical ex- 
1 periments, he ſays, is evident from this circumſtance; that if 
it be blown upon Math a pair of bellows, the electricity of the 
body which it ſurrounds i is not ſenſibly diminiſhed. The elec- 
trie fluid, he ſuppoſes, to refide wholly in the electrified body, 
and from thence * exert ite Wen or e to a e . 
te. ng, t hag f 
Tur fabjegt of 6 Winks: 3 had: not eſc Eda | 
tention of the accurate Signior Beccaria, Who was probably poboch bi 
to Xpinus in ſuppoſing, that electrifiod bodies have no other 
atmoſphere than the electricity communicated to the neighbour-: 
ing air, and which goes with che air, and not with the ele Tri- 
fied bodies, yn to that curious n of his mentioned 3 
An 5 4 
Hs alſo mentions an eee which, he thinks direc 7 
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cin From: it: But if a be . within A 
| the aimafoieie-of Cine electric fluidlit naturally.contairis will 
berattracted-by the rare atrhofphere,; and move tobvards it. And 
thus may the electric fluid contained in any body be condenſed 
or ratified; and if the body be a conductor, it may becondenfed 
or rarified ĩn any part of it; and ſdme map hr eafily drawn out 
of, or an additional quantity put into it. so 

Ir was obſerved before, that an experiment of Dr. Franklin 
which he thought proves that electric atmoſpheres did not ex- 
clude the air, might juſtly make us ſuſpect the exiſtence of thoſe 
atmoſpheres, fince the cleAric matter is known to repel the air. 
Another experiment of the ſame nature was made by Dr. Darwin 
of Litchfield, who ſent an account of it to the Royal Society, 
which was read May the 5th. 1757. He got a glaſs tube, open 
at one end, and having a ball at the other. This ball and half 
of the tube he coated; and when he had inverted it, and dipped 
a conſiderable part of it in a veſſel containing oil of turpentine, 
he introduced a wire into it, and charged it; and obſerved; that 
the oil did not at all appear to ſubſide. From this he concluded, 
that the electric atmoſphere, flowing round the wire and the 
coating, of the tube, ode the oil, did not An the air, but 
exiſted in its pores, ® | 
AX experiment ſimilar to chat of Dr. Franklin and that of L Dr. 
Darwin was made by Signior Beccaria. He took a coated phial, 
and when he had inſerted into it a ſmall glaſs tube, bent hori- 
zontally when it came out of the phial; he cloſed it with cement, 
and preſented light aſhes to the extremity of the tube, the orifice 
of which was very fine ; and always found, that the aſhes were 
blown off, when a ſpark was taken into the dai. but they re- 
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e turned 


5 
4 


: 


probable; 


Part: 


of 


* 


2 
* 


>, 


of 


4 


+ 


* 


4 


in contact with 


rds the end · of the tube afterwards; It 


1 


CY 


turned 


* 


the: infide 


x 


7 


: 


dien 


being ſuffi 


metal not 


* 
|. 


that the 


* 


i 
- 
2 
: 


** 


in 


pA 


e in the 


* 


£ 
. 


* 


* 
* 


. 
. 


on i 


* 
W 


* 


2 


th 


1: 


- 


tal 


* 


me 


3 


2 
5 
2 
2 


uct ion | - of 


A. 


* 
o 
* 
* "a 
© 
S. 44 bx) 


* % 
"> 94 
=» * 72 
* wt 
* 
A 
Me: Yd 
x 7 * 4 
- 
z . 
* * * 
1 13 & 3 
& 7 * # 


WY. 
* 4 
* % * 
# £ — 
* * 
7 — 
6&3 * 
* * 


on { 
pou 
. 


4 o 
* 
A . ow 4 


483 


ot 


©, * 
wt is 


* k 


* 


2 


33. 


8 

8 4 
n — 
3 «ou 
—_ 4 

%: # 
— with 2 

5% ! 


9110 1 


* 


a» 
13 


F 


* mY * WF! 


N N * . F 
"YI 


* 


wb tn ££115 


=: 


1 vg 


of 


* 


* 
f 


8 4%, 2 
21. 


72 


111 


* 


* 


12 10 


5 


1 
1 # 
* Lo: 


bh 


+43 
„ 4 


8 
Y 
; 


a4 


1 © 
4 


51 


o 6,3 
8 > 


* 4 


— 


* 
* 


* 


CLOSINGS 


* 

4 
ar 
Cc - 21 


Th 
i 


x 


SOL 


1 Jan 


oy 
* 
z 
wt 
VS.” 
* 
N 
3% + 
— 


TOUR « 


Kt. 
wv 


q . 
— 


EN 
— * 


1 


1 , 


- 


CHE 9513 


Fai 4 


” # 


* 


1 Aii+44 i wits w 


SECTION 


— . ̃ YR I A dE IE er On ns tn er er ne 


— tem 


* 


very evident, that the difference between the two electri 


& "jp 


* D FLY 


Sec. VI. on 


+ 
K 
— 7 oo 2 N 
N 2 *. 4 Eo» I * 4 + = Fu 0 Wm 1 CIT * *. = roy ; 7 we” 
172 : tr} 5 21. „ 2 8 2 Ig? — 
F * E | 
N 25 £ 6 yet. 7 * E 11 i . Ss 9899 * * 4% of d 1 : * ' 
lin 189 „ & af Fi 3 x? I 
* =» » — 
* 7 * "4 = * 8 
k 5 * r * 7 * » 
* * ＋* * 2 4 2 . * 4 5 f 4 0 ; 
— * * Fs „ #7 Eo "+. 4 * 
7 - A 
$ 
x r* 4 Cl 
«T3 43 Rin, ZI 2 *$ z 378 
23 Js . „ „ ap « x — 4 x 
a — 
* » * F * ? 4 P * 5 — 
* © od * 25% #2 * 4 — 1 * . 1 > 3 * : * 7 85 4 4 ; K 1 27 13 5 
* z, "I 8 x 5 8 — mo Y * - 8 * 1 ; K * "4 * * * 
— 12 8 . 8 * 1 = + — \ 
* N * — * = 
. — 
* * - * * * - y w ? E 4 > *, * 
e ts * os * ; oy . a# 3 - s * 5 * * * - 
or £5 7 * * 7 * % EO 5 * * 2 7 % ji 5 * & [1 ; 
4-4. > # = 4 A * PR: * 4 * ad 5 * * 
4 - a 
* f 4 — $ - 5 * 1 % & + Xx * 1 © 2 * * > 
FA y W * " * * + . f RN ; 3 f 7 
py N 1 Ag * x 4 * > 4 
WE 3 ay. we #44 *,- 7 * " * 4 * ue 4 ” 7 I 
p 92 9 & SE Ps > * 
4 75 3 4 £f 4 þ # +» P \- * 5 8 


4 


terte. 2 n THOSE MADE BY JOHANNES 
_ FRANCISCUS CIGNA IN PURSUANCE or THEM. Te 


vp, 


4 % 1 > 
| &* 5 Js g i 3 by ; 8 : A 3 % Fe , * 
ww > Ly wy, "Or WEE 4 3 8 4 4 0 4 . # 41 0 * — * 1 1 =” N , 
, 
- 
o * * * *S 
7 4 5 - 3 7 . 
9 } % 1 # 1. I 2 F * 5 7 7 L = $ 9 
1 7 o 4 : f 4 * 7 * . * 
* 7 > EC S 4 wo * 1 * 2 1 
* 
- LY 
* * -, 8 . # Do * 8 2 : * 5 4 ” 5 % 4 
+ 1 & . : A ; 1 | 13 5 5 82 : n 
— 9829 pr 5 : I 2 * „ * 1 4 4 5 4 pd g% * 
— E „ : —_— ; _ A a A P 
* * — 
* * "en , = 
& x ny * 5 Pg P 1 1 1 od » 
bY 3 ? - * #. wt # 
— 4x < 1 * * 22 o 'S 


T had hitherto been univerſally ſuppoſed, ihat all the p 


* 


tric fluid. Even Mr. Du Faye, at the time that he im: 


gined 
he had diſcovered another electric fluid, diſtinct from that of 

glaſs, and peculiar to roſin, &c. thought, however, that it was 
quite independent of the other, and that their operations were 
neyer co 


*. 


conſiſted in the one being a. redu 
ency of the ſame matter. 


been n made concerning the two electricities ſeemed to c nfirm 
this ! pothe t length, however, Mt. Symmer produces a 2 


"ah 
b 


great. number of curious experiments, relating to the ſame ſub- 
. and infers from them the probable exiſtence of to electric 
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pA not ee but always co exiſtent, and counteraQing | 
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combined. Dr. Watſon, and Dr. Franklin thought it was 


mena of electricity were produced by the action of one elec- 
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from the princiz 
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59 ur firſt ſet of his experiments are very remarkable, but he 
does little more than relate naked facts. They were diverſified, 

and purſued much farther by Johannes Franciſcus Cigna, of 
Turin, who has alſo explained them upon the principles of Dr. 


Franklin's theory; though he was of opinion, that no experi- 
ments that had yet been made were deciſive, in favour of either 
of the two hypotheſes. Few hiſtories of experiments are more 
entertaining than the firſt of theſe of Mr. Symmer; the ſubſe- 
quent experiments are leſs ſatisfactory. The papers relating to 


them all were read at the Royal Society in the year 1759“ 
Tais gentleman had for ſome time obſerved, that upon put- 
ting off his ſtockings, in an evening, they made a crackling or 


ſnapping noiſe, and that, in the dark, he could perceive them 
to emit ſparks of fire. He had no doubt but that this proceeded 


xciple of electricity, and, after a great number of 
obſervations, to determine on what circumſtances thoſe ſtrong 


clecttical appearances depended ; he found, at length, that it 


was the combination of white and black that produced the elec- 


tricity; and that the appearances were the ſtrongeſt when he 
| — black filk ſtocking upon the fame leg. + 


eſe, however, diſcovered. no ſign of - electricity while they 


wages the leg, or hand (for he found that his hand was 
ſufficient) though they were drawn backwards and forwards 


upon it ſeveral times. Nor when taken from the hand, and 
xreſented to an electrometer (i. * Mr. Canton's balls) did they 


7 to have acquired any more than a very mall degree of 


* Phil. Tranf. vol. 4. pt. e ee t The Abbe Nallet, in cheating ae 
ee of Mr. Symmer, found, that it was not abſolutely neceſſary, that one of the 
ſtockings mould be black, for that, if one of them was ofly dipped in a decottion of gall- 
nuts, which doth not dye them black, but is only a preparative to it, it would have tlie 


amel. Nollet's Lanes, Vol. & P. 42. 
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electricity; but the moment they were ſeparated, they were 
found, both ef them, to be pu nn che e poſi- 
tively! and the black negatively. I 1 Akte 
Bor the ſtockings, when held at wdiftaice "INES evi; : 
| wur inflated to ſuck a degree, that, when highly electriſied, 
they exhibited the intire ſhape of the leg; and when two black, 
or two white ſtockiags were held together, they would repel one 
echt eee ee an ad 764-124 CO of bow or OY a 
five degrets. 
Wr a ts: or „ black n were e won 
other; they would be mutnally attracted; and, if permitted, 
would ruſhi together with ſurpriſing violence. In their approach 
heir inflation — ſubſided, and their attraction. RE | 


When * aQually met, they grew flat, and joined as cloſe to- 
_— as if they had been fo many folds of filk. When they 
rated, their electricity did not ſeems to have been in 
paired by the ſhock of meeting; for they would be 
_— inflated, attract, repel, and ruſh together as before. 
Warn rhis experiment was performed with two black ſtock- 
og an one band, and two white ones in the other,” it exhibir- 
ed a curious ſpectacle. The repulfion of rhoſe of the ſame colbut 
and che attraction of thoſe of different colours, threw them into 
an agitation which was not unentertaining, and made them 
catch each at the oppoſite Wien at a . moe diftance tha 
could have been expeed. 
Wurm the ſtockings were OY from one abies hay 
winks loſe their power very ſoon, much like the excited tube 1 
but when they were together, they would retain it an hour or 
two, or longer, if the air was favourable to electricity. The 
Quarpeſt metallic point could not deprive them of it; and when 
ING --f = K k 2 55 | they 


CT 


Pa = 4 5 
„ 5 
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| -this wi Mr. Symmer thought 


190 ther time they raiſed ſeventeen ounces which, was t. wen 
8 the weight ; of that ſtocking which hammer NGO this in a 
within the other, it required twenty ounces to f 


though when they were applied to Ton: others 


errixd the black A new AR, 4 


required three pounds three ounces to ſ 


* 


elt procure Wer leaſr Where de aeg of the gee og 1 * 


here was a conſiderable re- 
ance between the black and the white Rocking, when berg 


win ne another, and the Leyden phial. 55 


War was ſtill more remarkable in theſe experimeins with ; 


"hs white and black ſtockings, was the p power of cles 


ſion ch they exhibitecd. Mr. Symmer perdelvech/th 1 


hat it che 0 
| white and black ſtockings, when nen and. allowed. to 
re not only joined extremely cloſe; but actually ſtuck 

ch other. By means of a balance, elta; 5 chat fiber | 
10 ſeparate them, it required from one ti twelve ounces. 4 - 


rection parallel to its ſurfacde. a 8 8 8 5 7 
Wax one of the ſtockings was turned zul de dat, (and | 
EX ab. 0 tea. | 


ounces were ſufficient. 


* * 1 7 


an the white e ones. 
vaſhed, and whitened in the fumes of ſulphur; and th n putting 
them one within the other, with their rough fides 1G by 
arate them. And he 
154 desen to think that the aye Fontriboral: wothing ® to the 


N 
. 


ce this. enderkinal with Rockings of 0 a more: fabRantial 
. he found the effects more conſiderable. When the white 


ſtocking was put within the black one, ſo that the outſide of the 
White was contiguous to the inſide of the black, they raifed nine 
| pounds panting! a few ounces, whieh was fifty times the weight 


» 4 1 . * J " | 4 
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han, the: white e Was wrued: infido 
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out, and put withio the black « ſo that their rough Turfices 
were contiguous, they raiſed fifteen pounds « one penny weight and 
a half, which was ninety two times the weight of the ſtocking. | 
Havix cut off the ends of the thread, and the tufts of ſilk, 
which had been left in the inſide of the ſtockings, the coheſion, 
was conſiderably: diminiſhed. Preſſing them together nee 
his hands contributed much to strengthen itt hate ; 

Wurm the white and black ſtocking were in e and 
another pair, more highly electrified, were ſeparated from one 
another, and preſented. to the former, their coheſion would be 
diſſolved; and each ſtocking of the ſecond pair would catch hold 
of, and carry away with it, that of its oppoſite colour. If the 
degree of electricity of both pairs were equal, the coheſion of the 

former pair would be weakened, but not diſſolved; and all the 
four would cohere, forming one mals. If the Gam pair were 
but weakly electrified, the coheſion of the firſt pair would be but 
little impaired, and the coheſion iofotheimhals mak. would be 
{mall in proportion. 

MR. SYMMER alſo obſerved, this white FE black alk, es 
electrified, not only cohered. with) each other, but would alſo 
adhere to ren with broad, and even with poliſhed ſurfaces, 
though thoſe bodies were not electrifted. This he diſcovered 
accidentally, - having, without deſign, thrown a ſtocking out of 
his hand, which ſtuck to the paper hangings of the room. He 
repeated: the experiment, hog found it aal. continue e 
near an hour. ien 

: Having, ſtuck up the black WS white Gockings i in this man- 
ner, he came with another pair of ſtockings highly electrified ; 
and applying the white to the black, and the black to the n 
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Hors Enzeioully than to eicher of the Forn 
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off the uppermoſt ſhirt, which he did eve 
adhered to the beaver 
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oth the wall, exc} of a hanging to that 
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Tur fame experiments held with the 


Printed bovtch FR the 


rom, and likewiſe with the looking glaſs, to the ſmooth ſurface 


both the white and the black fk appeared to adhere 


* 
25 


milar to ſome of theſe of Me. Spit; 


e made 'by Bien or 1 Amadeo Vaudovie, a friend of 


— Beccaria. He put a beaver ſhirt between two others, 


which he wore in extreme JT 


weather; and whenever he put 


17 day, he found it, 
r ſhirt, and, on che ſeparation, electric 


ſparks were viſible. between them. Whenever he put off the 
| beaver ſhift, it adhered fill more to the under ſhirt, and when 
held at a confiderable diſtance from i it, would ruth to it. Theſe 


attractions would be repeated many times, but they grew more 
languid by degrees, till they intirely ceaſed. Signior Beccaria, 


upon hearing of this experiment, es: it n n men 


and found it to anſwer on himſelf. ? 


Tux echeſion of the two ſfockings dos: Mr. 2 to 
try the force ef electrieal coheſion in electrified panes of glaſs. 


the thinneſt and the ſmotheſt that he could find, and coated one 
of the ſides of each with tinfoil, leaving a ſpace uncovered near 


che edges. He then put the uncovered ſides together, and charg- 
ing. them both as one pane, he found, as he expected, that 


their coheſion was conſiderably ſtrong: but he had no apparatus 


to meaſure the ſtrength of it. He then turned the plates upſide 


down, and faund that the . lame operation which had n, 


. Phil, Trad, vol. 51, pt. 1. p. 366, | + Dal cleuricimo urtiiciale p. 197. | 
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charged them, did no y UNC 
logy of the Leyden. phial. 

PLACING. two. panes. of. glaſs, each of them ere on "both | 
aides, one upon the other,” he found that they were both charg, 

ed ſeparately, and that there was no coheſion between them. 

I purſuance of thefe laſt mentioned experiments of Mr. Symmer, 
and another made at Pekin (which will be recited preſently) 
Signior, Beccaria made the following, which are very curious; 
but which, after the example of the author, 1 ſhall relate with | 
out attempting an explanation. | 

HaAvNx charged a coated plate of glass, he 3 the coat- 
ing from off the negative fide, and applied another, uncoated 
and uncharged plate of glaſs cloſe to it. After this, putting a 
coating upon the uncharged glaſs (fo that the whole reſembled 
one coated plate, conſiſting of two Jamie) he formed a commu- 

nication between the coatings. The conſequence was an explo- 
fion, and a coheſion of the plates. 

Ix he ſeparated the plates before the exploſion, after they bad 
8 in conjunction ſome time, the charged plate was poſitive 
on both ſides, and the uncharged plate negative. an both ſides. 
But if he ſeparated them after the exploſion, the charged plate 
was negative on both ſides, and the uncharged BREE PRfitives on 

both fides. _ 
Ix after the explatign he ſeparated and joined. them again al- 
ternately, 2 ſmall circle of paper, placed under the uncharged 
plate, adhered to it upon every ſeparation, and was thrown off 
again pon every conjunction. This he cquld repeat even five 
hundred times, with once charging the plate. This was the ex- 
periment that he ſays, Was made by ſome Jeſuits at Pekin, in 
the year 1755, and being ſent to the academy of ſciences at 

e was publiſhed an their MEAS, Vol. 8. p. 276. 
Is, 


nee. 25s. 
Large them. ene ed 


5 the former experiment) brought the other to correſpond to it. 


c P 2 Ma. STMAMERe EXPERIMENTS | P. ART r_ ; 


OY in theſe experiments, the charged e invetted; 
"nit the poſitive fide applied to the uncharged plate, all the ef- 
ſects were exactly the reverſe of the former. If it was inverted 
ever ſo often, after remaining ſome time in contact with the 
uncharged glaſs, it would produce a change in the electtieity. 
In the dark, a Usht was une ſee en * e re f. * mn 
Anne {ST SS Fog WHAT 6 GY 5 © ROE 0 307 MIPLTS CFSTET> 
 LavinG the two plates: tog ther, like one pie _ chit 
the outſides of them, he charged them both together, and, at 
the diſtance of about four feet, he diſtinguiſhed ſix of the co- 
loured rings, which Newton deſcribes in his book of Optics, all 
parallel to one another, and nearly parallel to the edge of the 
coating. At the angles of the ed the rings ſpread to a 
greater diſtance; where the coatings did not quite touch the glaſs, 
the rings bent inwards; and where the coatings adhered very 
cloſe, they retired farther from them. Upon diſcharging theſe 
two plates, the coloured rings vaniſhed, and the electric cohe- 
ſion aps Mr. en had obſerved i in auch e ceaſed with 
mem. „ 
'Uron lng theſe itt WO the e ede this which 
had received the poſitive electricity Was poſitive on both ſides, > 
and the other negative on both ſides. If they were ſeparated 
after the exploſion, each of them (as i in the former experiment) 
was affected in a manner juſt the reverſe of 'this. - Upon invert- 
ing theſe plates, that which was the thinner appeared to be poſ- 
ſeſſed of the ſtronger electricity, and (like the charged plate in 


CHARGING the two plates ſeparately, and taking off. two of 
the coatings, ſo as to place the two poſitive or the two negative 
ſides together, there was no coheſion or exploſion. But Joining 
a poſitive and a negative fide, they cohered, and a communica- 
9 Per tion 


_ $3 "4 


pars. Sec. VE 2A 


tion being formed on the outfit, there was an explotion,” 

increaſed the coheſivh! Makin ym above- mentioned expe 
ments Wirk theſe plates, he ſays, they "Qed juft as the two that 
3 charged at the f une tins, #- wn St, e et 


ME. N VWNER cbncludes His account of „hee expetim ments 


A Jin D 2 


er  decliting it to be his opin n, that there: were two'dledtic 
fluids, or emanations 6f two diſtin electric powers, effer ntrally 


different fro each other ; that dletittivity dbes not Evo in the 


afftiix and efflux of theſe fluids, but in the accumulation of tlie 


one or the other of them i bodies electrified; « or, in other 


words, * coniſts in the poſſeffion o of A larger bottlon of one or 


the other] power, than is req nie to malftzin an even Balance 


within the body ; and laſtly, that, 3 according” as the one r the 
other 5 84 Len the body is cleArified i in the one or the other 


44 13 it} 


manger. Nor w will this principle, ſays he, of two diſtinct elec 
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trica powers be found, © upon due conſideration, to dilägree 12 5 
the general ſyſtem of nature. It is one of the fundamental laws 


Tar Er HICTI 24127 vil 
25 nature, that action and reaction ate inſepar able and ,<qual:; 


, when, \ | we look rc round, "we. pany, that every e Which Lis | 
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es of pr idence. 
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Ae Bo oof of þ his two 1 8 38 
= x ah ties . the experiment which Dr. Frapklin has Reed, 
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of p piercing'a quire "of | paper Wi tha an eſectrie Ons "He thought 


1} 22 


cht the bur which was raiſed on both fides of che paper was 
produced by two fluids, moving in two teten ate. To 
ſhow the manner in which t this 8 Was made more evidently y 
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bo 8 * FO £ ther. Ir * ments, in Which Wat 
nee sf ftroke wore a little varied. Sf69 Schr both Du 


1 paper, covered on ope fide. with Dutch, gilding, 
2 e bad been left accidentally. between. two leaves, in a 
quire, of paper in Which the former Experiment | had been made, 

Vas found to have. the imꝑreſſion of two ſirokes upon it, about 

j 90 7205 Yon inch from, rb other z. the gilding being ſtripped 

e rb dt Tore foe for a little ſpace in;both places. In 
plages, was; a little round hole, in the 

Aber e —— 


i edlen. d At I been 
made with che point of a bodkin= /..,, 4.4, 90s 121 46 1 
Ten obſervations M „ Symeer . 0! ramunicated, t Dr. 
Franklin, who, notwithſtanding Mr. Symmer was endeayouring 
to eſtabliſh a theory. of electricity contrary to his own, with the 
generoſity natural to bim, aſſiſted him with bis apparatus in 
making another W in e of that e 
| above. e ira vs rn 
. the middle of a paper 1 of che n of a quire, 
Mr. Symmer put a flip of tinfoil ; and in another, of the fame 
thickneſs, he put two lips of the, fame fort of fail. including 
the two middle leaves of. the book between them. a Upon ſtrik- 
ing the two different books, the effects were anſwerable to what 
he and: In the 18. the leaves on. each ſide of the foil were 


+ ) 


T3 + 


the 484; PLS "LBS BS a an e . had been made 
on each of i its ſurfaces, at a little diſtance from one another 'E and 
ſuch impreſſions were ſtill more "viſible on the paper, and might 
be traced, as pointing different ways. In the ſecond, all the 
leaves of the book were pierced, exceptin g the two that were be- 
tween the ſlips of foil; and in theſe two, inſtead of holes, the 
two impreſſions 3 in COnkrary directions were viſible. 


Ms, 
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MA. SY MMER ifterwirds got an electrical apparatus of his 
wen, formed on the model of that of Dr. Franklin, with which 
he frequently repeated the experiments above- ne tioned the re- 
| . of all which he compriſes in the three following obſervations: 
1. WHen a quire of paper, without any thing between the 
Rauen is pierced with a ſtroke of electricity, the to different 
powers keep in the ſame track, and make but one hole in their 
paſſage. through the paper: not but that'the power from above; ot 
that from below, ſometimes darts into the paper at two or mor 
different points, making ſo many holes, which, however, gene 
rally unite before they go through the paper. They ſeem to 
paſs eac ach other about the middle of the quire, for there the edges 
are moſt viſibly bent different ways; whereas, in the leaves 
near the outſide of the quire, the holes very often carry moré 
the appearance of the paſſage of a power iſſuing out, and ex 
nn into the air, than of one darting into the paper 
2. Wurx any thin metallic. ſubſtance, ſuch. as gilt leaf, or 
| dafl. is put between the leaves of the quire, and' the hole 
is ſtruck; in that caſe, the counteracting powers deyiate from 
the direct track, and leaving the path which they would in com- 
mon have taken through the paper, only make their way in 
different lines to the metallic body, and ſtrike it in two different 
points, diſtant from one another about a quarter of an inch, 
more or leſs; the diſtance appearing to be the leaſt when the 
power is greateſt: and whether they pierce, or only make i im- 
preſſions upon it, in either caſe, they leave evident marks, of 
motion from two different parts, and in two contrary AireQions. 
It is this deviation from a common. courſe, and the ſeparation of 
the lines of direction conſequent upon it, ſays he, that affords 2 
proof of the exertion of two diſtin& and counteracting powers. 
3: Wurx two flips of tinfoil are put into the middle of the 


8 L12 quire, 


N LE 
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Sele, menge o aſvteteares be en! if the elec- 
tricity” de moderately ſtrong the cbunteracting powers only 
ſtrike againſt thelips, and leave their impreſſion there. When 
it isſtronger, o one of the flips is generally. pierced, but ſeldom 
both; and from what he had obſerved in ſack caſes, he ſays it 
ſhould ſoem, as if the power which iſſued from the en 
_ theiphial aced more ſtrongiy than that vchich proceeded from 
within, for the lower ſlip was moſt commonly e But 
this; he adds, may be owing to the greater! ſpace which the: 
Power ee ere to eee ee eee 
paper. 2 IIB Srl: Ha. 187111 o Lott 19199 211m 111 it 
A hs Iams paper, Mr. symtmer furniſhes. Sekt- in 
Kaen ef the power of an hypotheſis in drawing facts to itſelf; 
in making proufs out of facts which. are very ' ambiguous,” and in 
making a perſon overlock thoſe circ ya ſtances in an u e 
which are unfavourable to his views. s. yatholg | 
Wurx a phial is electrified but a Uedle, wh Gpmmes "i if 
e touch the coating of it with a finger of one hand, and, at the 
ſame time, bring a finger of the other hand to the wire, we 
ſhall receive a pretty nart blow upon the tip of each of the 
fingers; the ſenfation of whieh reaches no farther; If the phial 
be electrified a degree higher, we ſhall feel a ſtronger blow, 'rezch- 
ing to the wriſts, but no' farther. When, again, it is elerified 
to a ſtill higher degree, a ſeverer blow will be received, but 
will not be felt beyond the elbows. Laſtly, when the phial is 
ſtrongly charged, the ſtroke may be perceived i in the wriſts, and 
| elbows; but the principal ſhock is felt in the breaſt, as if a blow 
from each fide met there. This plain and ſimple experiment, 


_ fays Mr. Syrmier, feerns obviouſly « to ſuggeſt to ok ome the 


» > Phil-Tran, Vol. 81. pt. 1. . n &c... 


_ exiſtence 
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exiſtence of two diſtinct powers, acting in contrary dire dit ab 3: 
and, I believe, ſays he, it would be held as a ſufficient proof by 
any perſon, who ſhould try the experiment, with a view to de- 
termine the queſtion ſimply from his own- perceptions, * 
Iłx is a ſufficient anſwer to this remark of Mr. he 85 that 
if twenty people join hands, they may all be made to feel the 
ſhoek in their wriſts, or their elbows, withaut having their: 
breaſts affected in the leaſt. And can it be ſuppoſed, that the 
two currents of electrie fire eould come at all their wriſts or el- 
| bows, without paſſing through their breaſts. According to Mr. 
Symmer” s hypotheſis, it ſhould ſeem, that, in a large circle, 
thoſe perſons only who ſtood near the phial, on either hand. 
ſhould feel a ſmall ſboch; that a few perſons more, at each extre- 
mity of the circle, ſhould feel one ſomething ſtronger ; and that. 
it could only be à very ſtrong ſhock, which could at all effect the 
perſon who ſtood in the middle; and that then he ſhould be af- 
fected the leaſt of any perſon in the company. But al theſe 
conſequences are contrary to fact. 
Tus hypotheſis of Mr. Symmer, notwithſtanding he has failed 
in his application of it to the experiments above-mentioned, has 
attracted the notice of ſeveral electricians, both at home andd a- as 
broad; and ſome perſons ſeem inclined:to adopt it, in preference 
to Dr. Franklin's theory. I ſhall therefore cunſider it more at 
large, when I come to treat of theories profeſſedly ; till which 
time, I take leave of this. cs ORIG: and. his TWO 
electric fluids. 
Tux experiments of Mr. Quinn a the attention * 
Mr. Cigna, and led him to a courſe of experiments, Which throws 
All more light, both upon the doQtine of the two electricities, 


bil. Tranf Vol. 54. pt. 1. P. 373, l. | 
| and 
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and the n phial. The alſo a further illuſtration of: the 
diſcovery of Mr. Canton, Shaq by Mr. Wilcke and "IO: 
of the mutual repellency of ſimilar electrie atn 


H x took two white filk ribbons ; juſt dried: at thy 1 and 


having extended them upon a det _ either a conductor 
or a non- conductor, he drew over them the ſharp edge of an ivory 
ruler, and found, that both the ribbons had acquired electricity 
— adhere to the plain; though, while they remained 
upon the plain, they ſhewed no other ſign of it. If they were 
NY taken off from the plain together, they attracted one ano- 
ther, the upper having acquired the reſinous, and more power- 
ful; and the lower the vitreous, and weaker electricity. If they 
were taken up ſeparately, they repelled one another, havin s both 
acquired the refinous'ele@ricity.* 
In this ſeparation of both the ribbons "AN the N as 410 
in their ſeparation, afterwards, from one another, electric ſparks 
were viſible between them; but if they were again put upon the 
plain, or joined together, no light appeared upon their ſecond 
. ſeparation, without another friction of the ruler. Alſo, when, by 
being taken off ſeparately, they had been made to repel one ano- 
ther, if they were laid on the plain again, and taken off together, 
they would not attract; and if, by being taken off together, 
oy had firſt been made to attract one another, and were laid 
on the plain a ſecond time, and then taken off past. ey 
would not repel, without another friction. N 
Wurx, by the operation above- mentioned, they had acquired 
the ſame electricity, if they were placed, not upon the ſmooth 
body on which they had been rubbed, but on a rough one, and 
a conductor, as hemp or cotton, not very dry; they would, upon 


a 


* Memoirs of the Academy at Turin for the year 1765, p. 31, 


being 
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being ſeparated, ſhow contrary electricities; which, e ow 
were joined together, would diſappear as before.“ 1 05 
I x they had been made to repel one another, and were ſins 
wards placed one upon the other, on the rough ſurface abovg- 
mentioned, they would, in a few minutes, attract one another; 
the lower of the two ribbons havin 5 Fang its refinous into a 
vitreous electricity. ä 

Ir the two white ribbons 8 . friion anon: the 
rough ſurface, they always acquired contrary, electricities; the 
upper of the two having the reſinous, and the lower the vitreous, 
in whatever manner they were taken oft. | 
Tux fame thing that was done by a rough. ſurface was done by 
any pointed conductor. K tvro ribbons, for inſtance, were made 
to repel, and hang parallel to one another; and the point of a 
needle were drawn oppoſite to one of them, along its whole 
length, they would preſently ruſh together; the electricity of 
that ribbon to which the needle was gene being Fang ing | 
the contrary. + 

In the ſame manner in which c one 5 © 4 ph RS its 
a clectricity, a ribbon not elecrified would acquire electricity; 3 VIZ. 
by putting it upon arough ſurface, and laying ; an electrified rib- 
bon upon it; or by holding it parallel, to an electrified riphon, 
and preſenting a pointed conductor to it. 
Hx placed a ribbon not quite dry under another his was well 
dried at the fire, upon a ſmooth plain ; ; and when he had given 
them the uſual friction with his ruler, he found that, in what 
manner ſoever they were removed from the plain, the upper of 
them had ew. the noni. and the lower the vitreous elec- 
Weir "Y 3 
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N 4+ woch nes Were Sick, in the” Above mentichét er- 
9 ſuccecded, in "the" "faite manher 8 if 255 Hal deen 
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ufe ofs F NA were, in a Lay 105 
reverſe of what dert were dolore; ; the ribbon which Was 5 Vabbed 
Having always acquired the vitreous electlicity. 1 anke. 
Wurst weed of 3 either Fe or not OY the event 
Wurx the ribbons were appel in paper. gilt or not mY 
and the friexion was made upon the paper laid upon the plain 
above- mentioned, the ribbons 2215 both of Theth, the 4 Te- 
Lhous electricity. 8 * 5 WITTY” 

"Te" the ribbons ere one black, and öh. beten whit ich 
ever of them was laid uppermoſt, and in Whatever manner the 
Friction was made, the black generally en the reſinous, 
and the ws the vitreous FO 1. N 


| BE Jha a of 8 upper piece . fk was 11 elt 
ing, and retiform, like that of a ſtocking, fo that it could move, 
and be rubbed againſt the lower, and the rubber was of ſuch a 
nature as to impart but little electricity to glaſs. 1 the electricity 
which the upper piece of filk acquired, did not depend upon 
the rubber, but upon the body it Was laid upon; ; in which caſe 
the black was always teſinous, and the white vitreous, "But 
when the filk 'was of a cloſe texture, hard and rigid, and when 
the rubber was fuch as imparted a great degree of electricity to 
glaſs; the ciedxicity of the upper piece did not depend upon the 


e Memoirs of the Acslemy at Turin for the year 1765, p. 35. 1 Ib; p. 36. tb. p. 38. 
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bed with gilt paper upon. glaſs, became reſinous, and the glaſs 
vitreous; but if a piece of ſilk, of a firmer texture, was laid upon 
a plate of glaſs, it always acquired the vitreous electricity, and 


the glaſs the reſinous, if it was rubbed with e chen and for 


the moſt part, if it was rubbed with gilt paper.“ So that the 
filk that was rubbed received its electricity, ſometimes from the 
rubber, and ſometimes from the ſubſtance placed under it; ac- 
cording as it received greater friction from the one or the other, 


or in proportion as one or the other was more * to give 
electricity to glaſs. 
_ ANOTHER ſet of experiments, which the ſame pre 


electrical ſtockings to bodies with ſmooth. ſurfaces. He inſula- 
| to _ lead, a ſpark iſſued out of it, upon which it attracted the 
ribbon vigoroufly, and both together ſhowed no ſigns of electri- 
city. Upon the ſeparation. of the ribbon, they: again both ap- 


plate: and the finger. +. 1 
Lari two plates of glaſs n btb commu- 


as the ribbons had been rubbed, they likewiſe acquired electri- 
ductor. If it were a plate of lead, not very thick, it would be 


ſhowed no other ſigns of electricity. t 


Ib. p. 40. - Ib. p. 43. I Ib. p. 52 r 
* — ductor, 


lower, but upon the rubber... Thus a ies filk ſtocking, rub- 


F ranciſcus Cigna made, illuſtrate the adheſion of Mr. Symmer's - 


ted a plate of lead, and bringing an le&rified ribbon near it, 


peared to be electrified, and a m_ Was nen Banne the 


nicating with the ground, and rubbing them in the ſame manner 
city, and adhered firmly, both to one another, and to the con- 
ſupported by the attraction. When they were ARG oy 


26's Wuzn the two plates of glaſs were Spa from 8 con- 
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King EPO y ſhowed, on bott i . 
ou eee gi and the — if it had denn eee 
contracted a reſinous electricity. RR 
Dr two plates of glaſs themſelves, when Gupta, were 
pol meme of a two. YH the upper of the vieuenuds and 


Fe take ks ON VN I 

bed upon it, or brought to it, aber e had been rubbed upon 

a ſmooth one, they ſcarce cor any e eQricity 5 though, 
when they were ſeparated from oe another, _ wu Ou 
as before. 

. Ueon this n His endeavours. to abecunt for vi non- 
excitation of a Hobo: or tube from which the air is exhauſted, or 
which is lined witt evaluating ſubſtances. In this caſe, he ſays, 
the vitreous electricity on the external ſurface of the glaſs is ba- 

lanced by the reſinous in the inward coating, or in the vacuum 
_ Which ſerves inſtead of a coating; and therefore it is in the ſitu- 
ation of the plates of glaſs while they-lie upon the conductor a- 
bove- mentioned: but when the inward coatin g is taken away, 
the electricity appears on the outſide, without any freſh erer, 
tion; as when the plates were removed from the conductor. 

Wren he laid a number of ribbons of the ſame colour . 
the ſmooth conductor, and dre his ruler over them; he found, 
that when he took them up fingly, they all gave ſparks, at the 
place where they were ſeparated, as the laſt ribbon did with the 
ſmooth plate, and had all acquired the reſinous electricity.“ 
Ix they were all taken from the plate together, they cohered 
in one maſs, which, on both ſides, appeared to be reſinous. 


If they were laid upon tabs rough conductor, in the ſame order 


Memoirs of the Academy at Turin, for the year 1765, p. 54 + Ib. p. 61. 
| 48 . (whereby 


— 


Pen. X. Szc. VI. on THz Two BLECTRICITIES. 267 


(whereby the oppoſite electricities were brought to an equilibri- 
um} and they were all kene ſingly, beginning with the low- 
eſt, ſparks appeared as before; but all the ribbons had acquired 
the vitreous electricity; except the uppermoſt, which retained 
the reſinous electricity it had received from the friction. * 
Ir they received the friction upon the rough conductor, and 
were all taken up at once (in order to have a bundle in which the 
oppoſite electricities were balanced) all the intermediate rib- 
bons acquired the electricity, either of the higheſt or the loweſt 
ribbon, according as the n was n. with: the 2 
or the loweſt. 

Ir two * were ſeparated from the a ng at a Pe 
time, they elung together; and, in that ſtate,” ſhowed. no fign 
of electricity, as one of them alone would have done. When 
2 were ſeparated, and the different electricities were manifeſt, 
the electricity was obſerved to reſide in the outermoſt, and was 
oppoſite to that by which they bag * en to the bundle, | 
but much weaker. + 

- He placed a number of ribbons upon. a plate wp metal, which 
Wire electricity from the globe, While he held a pointed 
body to the other ſide of the ribbons. The conſequence was, 
chat all the ribbons became poſſeſſed of the electricity oppoſite 
to that of the plate, or of the ſame, according as they were 
taken off; except the moſt remote, Which always kept an elec- 
tricity oppoſite to that of the plate. | 

Fox theſe experiments he infers, that as ea is pro- 
pagated from the utermoſt ribbon to thoſe underneath it, or elſe 
from the plate below to thoſe next above it, when they are ſepa- 
rated; when the coating is ſeparated from a arge pane of | 


Ib. p. 51. 5 1 Ib. 2 | Fe ; ve FS 
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oſits its electricity upon the ſuperfieies of 
-plafs the phenomena eing the ſame in both. For when he 
| Savnijoralio coatings on the fide of a plate of glaſs, without any 
cement, they adhered firmly to the glaſs when it was charged, 


and a light appeared upon their ang path from it, as in 
the caſe of the ribbons. . 


Wur he coated a number of 1 in the a manner, 
and charged them, the coatings adhered firmly to the ribbons; 
but he could never ſeparate one of them, but (in eonſequence 
of the looſe texture of the ſilk) a ſpark would go to the oppoſite 
coating, n en fell Now, the whole e then no 
charged. + 

Bur he thought the coatings did not «Suit all their chick 
tricity on the plate, when they were taken off; for though, 
when both were taken off, the electricities of the two fides ſtill 
balanced one another (becauſe each retained the fame diminiſhed 
quantity) yet, when one ſuperficies of the glaſs, or of the rib- 
bons, received its electricity from friction, and the other only 
from the oppoſite coating ; he obſerved, that the electricities 
which balanced one another while the wn was on, were 
no longer balanced when it was taken off; the electricity 
of the ſurface which was rubbed then prevailing, becauſe the 
conducting coating had, wu its Ws, taken part of i its 
electricity along with it. | 

To confirm this, he adds another experiment; He hind" 
a pane of glaſs, coated on one fide, while the other received 
electricity by a pointed conductor from the machine: He like- 
wile inverted the plate, and made the coated fide communicate 
with the prime conductor, while a pointed piece of metal was 


9 Memoirs of the nn at Turin for the year 1765 p. 63. f Ib p. 64. t Ib. p. 65. 
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Preſented to the oppoſite fide; and, in both caſes; found, that 

while the coating remained, the two electricities balanced one 
another; but that when the coating was ſlipped off, the electri- 
city of the oppoſite ſide prevailed, ſo as to be apparent on both 
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\ REAT as were the difcoreries of Dr. Franklin concerning 

the Leyden phial, he left ſome curious particulars for this 
50 of the hiſtory of electricity; and the ſubject is by no 
means exhauſted. Many of the properties of this wonderful 
bottle, as the Doctor calls it, are ſtill unexplained. But as 
more and more light is perpetually thrown upon it, let us hope 
that, at length, we ſhall thoroughly underſtand this great expe- 
riment. The greateſt diſcovery concerning the properties of 
the Leyden phial, in this period, hath already been related in 
the account of Mr. Wilcke's and Æpinus's method of giving the 
ſhock by means of a plate of air; and other obſervations have, 
likewiſe, been occaſionally mentioned, in places where their 
connection required them to be inſerted. This ſection, how- 
ever, will contain ſeverak experiments of a miſcellaneous nature, 
which are well worth notice. 

IMMEDIATELY upon the diſcovery of the ſhock given by glaſs, 
all electricians attempted to charge other electric ſubſtances ; but 
none of them ſucceeded before Signior Beccaria, He found that 

a very {mooth plate of ſealing wax, made by pouring that ſub- 
Nance, 
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„ HORNET e 
an ein melted, _ an oiled marble ble, would receive 
a conſiderable charge, * mite Barn; 
Arx trying — other nen Us Wh — lan | 
he found that a mixture of pitch and colophonia was. charged 
leſs than ſealing wax, but more than ere we a great foe! 
mote than pitch alone. _ L | 
Bor the moſt curjousexperiment of this philoſopher, W 
to this ſubject, was made with a view to aſcertain the real 
direction of the electric fluid in a diſcharge. He ſuſpended a 
coated plate of glaſs by a. filk thread, and having charged it, and 
kept it perfectly ſtill; he,obferved that no motion was given to 
it, when the diſcharge was made by a crooked wire approaching 
both the ſides at the ſame time. The experiment, in fact, 
roved the reaction of the glaſs upon the electric matter; wheres 
by the plate were kept ſtill, notwithſtanding the fluid ruſhed 
witk great violence from one fide; to the other. He compares 
the glaſs to an ivory ball placed between two others, which 
keeps its place, when, by an d given, 10 one of "a 
the; oppoſite ball flies off. | / bind 

Mx. HARMAN of N 3 publiſhed > Fg 60 2 
en experiment, which ſeems to ſhow the progreſſiue motion 
ofthe electrical exploſion. He paſſes a ſhock through a great num» 
ber of cannon balls, ſometimes to the number of forty, placed near 
one another, upon ſmall drinking glafſes; when all the ſparks are 
ſoen at the ſame moment of time, and all the ſnappings make 
but one report. But when he ſubſtitutes eggs inſtead of the balls of 
metal, the progreſs of the exploſion is viſible, every two giving 
a ſnap and a flaſh ſeparately. This experiment requires weather 
very favourable to electricity, and, he ſays has generally ſucceeded 
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the beſt with only ten or twelve eggs. * | Thisauthob: "Sat 
expreſſly ſaid in which direction the ſparks ran; but as he adopts 
Dr. Pranklin's hypotheſis, it may be preſumed," that he imagin- 
cd it to 8⁰ frotn the yore! to! dons your fide of the __ | 
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Avery ingenious experiment has atth bern de Wey Aitadens 
Lai in of Geneva, in order to'aſertain the ditection of the elec- 
ttic fluid in exploſions, and which he thinks comes nearer to 
the experimentum crucit than any other. He placed a common 
Lard in the circuft of the electrical explofion, while the wire 
which' communicated with the poſitive ade of the jar lay on one 
ſide of it, and that which communicated with the negative ſide 
lay on the other, their extremities not being placed oppoſite to 
one another, but at ſome diſtance. Things being thus circum- 
ſtanced, he obſerved, that upon making the diſcharge, the card 
was conſtantly pierced cloſe to the extremity of che wire which 
. communicated with the negative ſide of the jar, as if the elec- 
trie fluid, ruſhing from the poſitive of the jar into the wire 
which communicated with it, and iſſuing from the extremity of 
it, was driven by its own; impulſe along! the ſurface. of the card, 
and did not pierce it, till it came oppoſite to the extremity of 
the other wire, which communicated with the negative ide, 
Me which 1t was ſtrongly attracted. + .. 
A vERY curious and elegant ende on the Leyden phial 
was made by profeſſor Richman of Peterſburgh, whoſe unkor- | 
tunate death will be related in this hiſtor . 
He coated both fides of a pane of glaſs, within two or 8 
inches of the edge, and faſtened linen threads to the upper part 
of the coating, on both ſides; 3 which, when the plate. was not 


* is + 58, &c. +44 Dillertatio od p. 94 * 
charged 
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1 charged, hung dm i in contact with che doating; tak ſetting 
the plate up right, and charging it, he obſerved, that when 
neither of the ſides was touched by his finger, or any other con- 
ductor communicating. with the earth, both the threads: were 
repelled, from the coating, and ſtood at an equal diſtance from 
it; but when he brought his finger, or any other conductor, 
to one of the ſides, the thread hanging to that ſide fell nearer 


to the coating, while the thread on the oppoſite ſide receded as 


much; and that when his finger was brought into contact with 
one of the ſides, the thread on that fide fell into contact with 
it likewiſe, while the thread on the oppoſite fide receded to 
twice the diſtance at which it hung originally; ſo that the t two 


threads always kung, ſo as to - make the ſame vas with, one 


another. My 
Erixus ſhows, at | it is not aricty 1 85 that an | inſulated 
perſon, diſcharging the Leyden phial through. his own. body, 
contracts no electricity. Electrifying a large plate of air, he 
obſerved, that if the nearer plate, (by which I ſuppoſe he means 
that which he firſt touched) was cledrified poſitively, he acquir- 
ed a poſitive electricity by the diſcharge; but if it were negative, 


he acquired a negative electricity. He ſuppoſes that the reaſon 


why the experiment did not ſucceed, with Dr. Franklin, w. 
that the ſurfaces with which he tried the experiment were not 
large enough to make the effect ſenſible; and that the diſtance of 


the metal plates was, likewiſe, too ſmall, as it ei muſt 


be in charging of glaſs. Tf ; 
MR. CiGNA has invented a new method o honing 2 phial, 
upon the principle diſcovered by Mr. Canton and Mr. Wilcke; 


viz, that the electricity of one body nepels that of another, 
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| reel if iebive' flat ne and 0 Fives it the contraty pied 
. a ee e Sei a0 g 8 qu delg alt 
= 5 dit NY ptdte'6P l lead, nate he brings an 
. electrified body, as a ſtocking, to it, he takes a ſpark with the 
wire of a phial from the oppoſite fide; and removing the ſtock» 
ing, he takes another ſpark with his finger, or any conduQor 
communicating with the ground. = Bringing the Rocking nearer 
the plate a ſecond time, he takes a ſecond Tpark, with the wire 
* of the phial, as before; and, removing it again, takes another, 
in the fame manner, with his finger. This operation he con- 
tinues, till the phial is charged; which, in ' favourable weather, 
may be done with a Ae diminution * the cle ri "oy of. the 
ha „„ 1 
Ir, inſtead of raking a ſecond | ſpark with his Be: he bas 
taken: it with the wire of another phial, that would have been 
charged Ukewiſe, with no additional labour, and with an elec- 
- — _ _ - oppoſite to that of the other phial. If the ſecond ſpark 
. were taken with the coating of the ſame phial, the charging 
would be accelerated, "Diet the fn would be e e b. 
to manage. fff 
Tux theoty of a new . of . a -phial i is Fey 
eaſy, upon the principle referred to above. The approach of 
the electricity in the ſtocking, not being able to enter the broad 
ſmooth furface of the metal, drives the electric fluid out of that 
part of the plate which is oppolite to it, to the other fide, which, 
being thereby overcharged, will part with its ſuperfluity to the 
wire of the phial. The ſtocking being taken away, the plate 
will have leſs than its natural ſhare of the electric fluid, and 
will therefore readily take a ſpark, either from the finger, or the 
wire of another Phial. 1 
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ak Tur fame ingenious philoſopher Sites donald differ- 
_ ence between the electric fluid which gives the ſhock, and that 


on which ſome other phenomena of coated glaſs depend The 
former, which 1 is em the e e he anke to reſide, 


The 4+ ond he AM gy to * or N he | pores, _ alle 
the ſubſtance of the glaſs itſelf. it : 
S Hz laid two plates of glaſs, wall 3 one * the A 
as one piece; the lower of them being coated on the outſide; 3 
and, when they were inſulated, he alternately rubbed the upper 
$ moſt plate: with, one hand, and took a ſpark from the coating of 
the lower with the other, till they were charged; when the | 
coating, and. boch the plates adhered firmly together. Giving a 
coating to the other fide, and making a communication between 
that and the other coating, the uſual exploſion was made. But 
the plates, though thus diſcharged, ftillcohered,; and though, 
while they were in this ſtate, they. owed no other ſign of elec- 
tricity ; yet, When they were ſeparated, they were each of them 
found to be poſſeſſed of electricity oppoſite to that of che other. 
Ie the to plates were ſeparated before they were < diſcharged, 
and. the cdatingiof each were touched, a ſpark came an each ; 
and when put together, they would. ene ine e were 
A. ver for giving a ſhock.“ regis 
.. He, therefore, compares the 8 which gives the hock 
40 be of the metal plate in the former experiment; 
Which as loſt with taking one ſpark, as the ſilk is removed from 
it, and is different from the electricity by which the two plates 
of glaſs cohere. The one is diſperſed at once, but the other 
on 5 4 2 as he ſuppoſes, in eee or 
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upon the ſurfaces of the electrics;, and the othet in the ſubſtance 


meide ooh off zeig doidw Eiuft nrfbals ods no>bwited and. 
Av experiments relating to the electrib Thotk; Abbt 
to mention what has been obſerved within this period of its ama- 
zing force in melting wires, / and producing other ſurprifing 
effects. Bis 2920 4 014 59191 5968 01 „ni, Ace gel d £10 S943 
Tuar even artificial electricity, fay ws De. Wark, in a p per 
read at the or Society June Wal 1764, hen in two great 

i» u quantity, a and hurried on too faſt, ad b tit iron wire, has 
rem 0 effect upon che wire, appears from A very curious 
xperiment of Mr. Kinnerſley. This gentl man, in the preſence 

of Dr. Pranklin, made a large alt of bottles. explode” at once 
through a fine iron wire. The wire at firſt appeared red hot, 
and then fell ir to drops, which burned themſelves into the ſur- 
face of his table or floor. Theſe drops cooled in 2 ſpherical 
figure like very mall hot} of Which Dr. Franklin tranſmitted 
ſome to Mr. Canton, Who repeat the experiment.” This proves 
the fuſion to have been very complete; as nothing leſs than the 
moſt perfect fluidity could give this figure to melted iron. 
Mx. CanTon; in a note aalen, the fame paper, ob- 
ſerves, that the diameter of a piece of Mr. Kinnerſley's wire, 
which he received from Dr. Franklin, was one part in 182 of an 
inch. He adds, that artificial lightning, from à caſe of thirty 
five bottles, would entirely deſtroy braſs wire, of one part in 
330 of an inch. At the time of the ſtrake, he ſays, a great 
number of ſparks, like thoſe from a flint and ſteel, would fly 
upwards, and laterally, from the place here the wire was laid, 
and Joſe their light, in the day time, at the diftance of about 
two or three inches. After the exploſion, a mark appeared on 
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the table, the whole length of the wire, and ſome very round 
particles of braſs were diſcovered by a magnifier near the . 
but no part of the wire itſelf could be found. * 

. - S16Nt0R BECCARIA was able to melt ſmall ſtrips of metal, 


wichows incloſing, or covering them with pieces of glaſs. But 


he thought Mt the ſame colour was impreſſed upon glaſs by all 
the metals; and imagined that this circumſtance was a trace of 
the fundamental principles being the fame in them all. + © 
Mx. DaL1BARD obſerved, that, when a large pane of glaſs 
_ diſcharged itſelf, the poliſh was taken off at the place of the 
diſcharge, and that the track it left behind it was uſually, as he 


expreſſes it, in the æig zag form. With the piece of glaſs with 
which he made theſe diſcharges he pierced 160 leaves of n 
It contained 1200 ſquare inches. T 


Mx. Wiicks fays, that, if a mall piece | of metab be ting | 
in a ſilken ſtring, oppoſite to a part of a glaſs jar, made thin 


for the purpoſe; upon the ſpontaneous diſcharge through that 


place, the piece of metal will be. driven off to the A of 
fer or ſix inches. 

Mx. WinkLER fired the ſeeds of clubmoſs [lycopodium] by 
diſcharging a phial through a quantity of them. He alſo fired 
the aurum fulminans placed upon a piece of Tm which | 
was torn to pieces by the exploſion. 5 | 

By the electric ſhock, Signior Beccaria could thelk borax, and 
glaſs, - But the moſt remarkable of his experiments with the 
electric ſhock are thoſe by which he revivified metals. This he 
did by <naking; the een between two pieces of the calees. | 


© Phil. Tranſ. vol. 54. p. 208. 7 Elettriciſmo artificial, c. 5. I 34s 135. 
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In chips manner he revivified ſeveral of the IYER and among 
others, zink. He even produced real quickſilver from cinna- 
bar. * In this caſe of revivifications, he always obſerved ſtreaks 
of black beyond the coloured metallic ſtains, owing, as he ima- 
gined, to the phlogiſton dri ven thither from the parts that were 
vitrified, when the other part revivified the calx. + Probably, 
the phlogiſton which revivified the calces was in that hlack duſt, 
which the electric ſhock. will throw from act, „ as Will be re- 
lated in its / ² . ˙²˙ ů —˙⁵ | 
- ANOTHER curious experiment he made. wth 0 eleQric 
Ack, by diſcharging it through ſome braſs duſt, ſprinkled 
between two plates of ſealing wax. The whole was perfectly 
luminous, and trapſparent. | | An experiment. which throws 
ſome light upon one of Mr. Hawkeſ bees. 
WIr the electric ſhock he alſo made that capital dot, 
on which he lays ſo. much ſtreſs in his theory oſ thunder ſtorms, 
and by which he proves, that the electric matter forces into its 
paſſage all light conducting ſubſtances; by means of which it 
is enabled to paſs through a quantity of reſiſting medium, which 
it could not otherwiſe, do. He put a narrow piece of leaf ſilver 
between two plates of wax, laying it acroſs the plates, but fo as 
not quite to reach one of the ſides. The diſcharge being made 
through this ſtrip of metal, by. bringing a wire oppoſite to the 
ſilver, at the place where it was diſcontinued; the filver was 
found melted, and part of it diſperſed all along the track that 
the electric matter took, between the plates of wax, from the 
ſilver to the wire. || An accident. gave him occaſion to obſerve 
another fact of ſimilar nature. He once, inadvertently, receiv- 
ed the charge of A ſmall Jar, ee ſome ann of ſpirit of 
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nitre; when 4 öte ws made it tis thumb, where the fire en 
tered; and which he thought could only have been made & by the 
nitre, which Was carried along with the electrie fluid.“ 
VIoOoI EN TI x as the electric exploſion generally affects the hu- 
man body, we have accounts of ſome perſons who could not be 
made to feel it; particularly three or four mentioned by Mr. 
Muſchenbroeck, among whom was a young woman. | Thave 
alſo been told, that this was the caſe with a perſon near ee 
who was at the ſame time a little paralytic. | 
© I 5HALL cloſe the hiſtory of the Leyden phial for this 74150 
with the accounts of fome' extremely curious facts, which Mr. 
Canton gives me leave to publiſh relating to this ſubject. They 
certainly deſerve the utmoſt attention of philoſophers, and may 
probably throw ſome light upon the electricity of the tourmalin. 
He procured ſomethin glaſs balls, of about an inch and a half 
diameter, with ſtems or tubes of eight or nine inches in length, 
and electrified them, ſome poſitively on the inſide, and athers 
negatively, after the manner of charging the Leyden phial, and 
then ſcaled them hermetically. Soon after, he applied the naked 
balls to his eletrometer, and could not diſcover the leaſt fign of 
their being electrical: but holding them at the fire, at the diſ- 
tance of five or ſix inches, they became ſtrongly electrical, in a 
very ſhort time 3 and more ſo when they were cooling. Theſe 
balls would, every time they were heated, give the electric fire 
to, or take it from other bodies, according to the plus or minus 
ſtate of it within them. Heating them frequently, he found, 
would ſenſibly diminiſh their power, but keeping one of them 
under water a week did not appear in the leaſt to impair it. 
That which he kept under water was charged the 22d. of or 
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tember 170. was aum times heated before it was kept in 
water, and had been heated frequently afterwards; and yet it 
ſtill retained its virtue to a conſiderable degree, on the 3 iſt. of 
October following, when he ſent an account of it to Dr. Frank- 
lin. The breaking two of his balls accidentally gave him an 
opportunity of meaſuring their thickneſs, which he found to be 
between ſeven and eight parts in 1000 of an inccg. 
Tux balls mentioned in the account above, which was writ- 
ten ſix years ago, ſtill retain their virtue, but in a leſs degree. | 
Mx. LuzLiw alſo found, that a glaſs tube charged, and her- 


metically ſealed, would ſhow igns of eee when it Was 
n. N | | 
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Exrxnbarure AnD OBSERVATIONS CONCERNING 
ELECTRIC LIGHT. 


\ 


Y reader has been informed of the neceſſity I was ks 
1 of dividing the buſineſs of this period of my biſtory into 
feveral parts. He has already ſeen titles which he could not have 
expected from the diviſions of the preceding periods, but he 
would perhaps leaſt of all expect a diſtin&t ſection upon electric 
tight; and yet the experiments and obſervations which have been 

made, immediately relating to this ſubject, are ſo many, that 

they deſerve a place by themſelves. And I would rather err by. 
making too many ſubdiviſions, than too few; becauſe, above all ? 
things, I would wiſh to preſerve EC AS which 18 chiefly 

Injured by crowding together things diſhmilar. =__ 

Maxx experiments had been made very early, by Mr. Hawkeſ- 
bee and others, on electricity, and particularly electric light, in 
vacuo; but ſo little was, at that time, known of the nature of 

electricity in general, that, comparatively, little uſe could be 
made of theſe experiments. Very fortunately, Dr. Watſon hap- 
pened to turn his thoughts that way, after the great diſcovery 
of the ons ee of electricity in the ren phial; and by 
_ Oo. 1 


2 2 . * 
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this means be diſcovered, that our atmoſphere, when dry, i is the 
agent by which, with the aſſiſtance of other electrics per ſe, we 
were enabled to accumulate electricity upon non-eleQrics (he 
ft might have added electrics too) that is, to communicate to them 


a greater quantity of electricity than thoſe bodies naturally have. 
That upon the removal of the air, the electric fluid pervaded the 
vacuum to a conſiderable diſtance, and manifeſted its effects up- 
on any non- electric ſubſtances by which it was terminated. 
Tus he demonſtrated by one of the moſt beautiful experi- 
ments which the whole compaſs of electricity yet exhibits. He 
exhauſted a glaſs cylinder, three feet in length, and three inches 
in diameter, with a contrivance to let down a braſs plate, as far 


as he pleaſed, into it; in order to make it Pome n. 
plate, fixed near the bottom of. the veſſel. 

Tuis cylinder, thus prepared, he inſulated, and. obſerved, that 
5 when the upper plate was electriſied, che electric matter would 
paſs from one plate, to another, at the greateſt diſtance to which 
the braſs plates could be drawn; and that the braſs plate at the 
bottom of the cylinder was ſtrongly electrified, as. if a wire had 
connected ĩt with the prime conductor. It was a moſt delight- 
ful ſpectacle, he ſays, when the room was darkened, to ſee the 
electric matter in its paſſage through this vacuum ; to. obſerve, 
not as in the open air, ſmall bruſhes ar pencils. of rays, an inch 
or two in length, but coruſcations of the whole length of the 
tube, and of a bright ſilver hue. Theſe did not immediately 
diverge, as in the open air, but frequently, from a baſe appa- 
rently flat, divided themſelves into leſs and leſs ramifications,. 
and reſembled very much the moſt lively coruſcations of the 
aurora borealis. _ | 

'SQMETIMES he obſerved, that when the _ had Jabs ex- 
hauſted i in the moſt perfect manner, the electric fluid was ſeen 


to 


4. 
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to paſs: between the braſs plates in one continued Renta, of the 
ſame dimenſions throughout its whole length; which, he 


the op 
any natural tendency f the electticity itſelf. For, in the open 
air we obſerve that theſe bruſhes,, when the electricity is pr 
| diveege fo much, as to form almoſt a ſpherical figure. 

H x made this vacuum part of a circuit neceſſary to 450 the 


ain of a phaal ; and, at the inſtant of the exploſion, there 
was ſeen. a mals of very bright embodied fire, jumping from one 


other. than ten inches. If the diſtance was greater, the fire be- 


ed in proportion to its een which was den as the n 
tance of the two plate. n 5! 


To find a mote perfect vacuum 6 aw man ths cleftric 


7 
4 


Cavendiſn; Who, by means of a long 


(which was above the mercury). th 0 
can be made by man. This vacuum Dr. Watſon inſulated; and 
ee of the; baſons of the mercury being made to communicate 


the other, the electric matter pe 
nued arch of lambent flame, 


nd, as Marin the oe could en 


Conxxciins one of the halone with the BE SIE was: 


TD ä 5 inſulated, 


thought demonſtrated, that the cauſe of that very powerful mu- 
tual repulſion of the particles: of electric fire, which is ſeen in 
n air, is more owing to the reſiſtance of the air, than to 


of the braſs plates in the tube to the other. But this did not 
take place when one of the plates Was farther diſtant from the 


5 gan to diverge, and Woſe part of its force: and this force diminiſh- 


guid, he had recourſe to an excellent invention of Lord Charles 


g bent tube of glaſs, filled > 
with mercury, and inverted; made all the bended patt of it 


moſt perfect vacuum ved 


with the conductor, when ſome rion-ele@uics ſubſtance touched: 
vaded the vacuum in a conti- 


it, without the leaſt divergen ex.. 55 


$5 ELD 
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rnfulated, the fire was Aden pervading the vacuum in 3 contrary 
ditection. And this he conſidered as the exptrimentum oructs of 
two principles which he had advanced before; viz. that electrĩ- 

_ city is furniſhed to the conductor, not by the excited ele ric; 
but from the non- electrics in contact with the rubber; and that 
we are able to take from, or add 70 = hope * r ee 
which i is naturally inherent in bodies. 
Hz alſo obſerved, that if, in the forem circumſtances 
the hand of a perſon ſtanding upon che floor was brought near 
the ſide of the glaſs, the corufcations would. dart themſelves 
that way in a great variety of forms, extremely curious to behold. 
Bor the Doctor found, that even this vacuum, did not con- 
| duct ſo perfectly as metals, or water; becauſe a per ſon ſtanding 
upon the floor, and applyi 8 * ny the upper braſs 3 


the body of the man who applied his Caged A; 
Ma. Wir.sox engaged Mr. 8meaton, the 1550 entor 
and more perſe kind of air pump, 
he Lenpſinitted to Me. Wü. They are, 1 
fimilar to thoſe made by Dr. Watſon, "ond Winne 
a conſiderable variety of circumſtances. - 

A ex Ass veſſel, about ove foot ia length, oat eight FROM une 
greateſt diameter, open at both ends, had one of its ends cloſed 
dys dhraſs ferrube, which conſtituted one of tl e centers on which 
it turned 3 the other end was cloſed with a metal plate. In the 
center of this plate was a ſquare ſtem, which was applied to the 
een by which the | naſty was turned round. Da ene 


fide 
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fide of this laſt plate was-fixed a cork, * means OW which * 
glaſs was ſcrewed upon the air pump. 


Uroꝝ rarefying the air within the glaſs Abbe 500 thaw _—_ 
afterwards turning the glaſs in the lath, whilſt, at the ſame time, 
it was rubbed with his hand; a confiderable quantity of en ö 

flame, variegated with all the colours of the rainbow, appeared 
within the glaſs, under the hand. This light was pretty Ready 
in every reſpect, except that every _= * it was ub e 
changing colour. | 

"Wren a little air was let into the glaſs, the Ugh 5 | 
more vivid, and in a greater quantity; but was not ſo ſteady < 
for it would frequently break out into a kind of coruſcations, 

ightning, e * all about within the glaſs. When a little 
aſhing was continual, and ſtreams of 

bluiſh nieht ſeemed to e from under his hand, within the 
glaſs, in a thouſand forms, with great rapidity - and — 
like a caſcade of fire. Sometimes it . to {hoot o 
the forms aforee; maſk, &c. it bag mio vd foil 
Warn more PRO RI" vals diminiſhed, 
and the ftreams compoſing the flaſhes narrower The glaſs n now 
en a | wry ee ler and bande rc N ——— 


as the glaſs was one Wird ful wy air, de corucations ie 
vaniſhed, and a much ſmaller quantity of light appeared parti 
within, and partly without the glaſs. Andwhen all the a air was 
let in, the light appeared wholly without the glaſs, and much 
leſs in quantity than when the glaſs was in part exhauſted, ® 

Mx. CaNnTax, in repeating Dr. Watſon's experiment with 
the Torticellian vacuum. ed one ciecuraſtancs atcending 


klo * Wilſon's . p- 216. , 


| it, 
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it, which inns great light upon the Leyden phil; He 8b. | 
ſerved, that when the excited tube was brought near one of the 
baſons of this machine (inſulated) a light was ſeen through more 
than half of the vacuum; which ſoon vaniſhed, if the tube was 
not brought nearer, but which appeared again as it moved far- 
ther off; and that this appearance might be a thee ſeveral 
| mee, without exciting the tube afreſh. THAT 
Tuts experiment he conſidered as a kind of ocular nden 
1 tion of the truth of Dr. Franklin's hypotheſis, that when the e- 
lectric flüld was condenſed on one {ide of the glaſs, it was re- 
pelled from the other, if it met with no reſiſtance. Thus, at 
the approach of the excited tube, he ſuppoſed the fire to be re- 
pelled from the inſide of the glaſs ſurrounding the vacuum, and 
o be carried off through the columns of ebe but to return 
again as the tube Was withdrawn. * G ee $345) es! 
TuIs curious experiment Mr. Canton ſhowed. and explained 
to Mr. Wilſon ; who afterwards” eee upon it, in a book 
publiſhed by him and Dr. Hoadly in conjunction, intitled O4ſer- 
vations on @ ſeries f. electrical experiments ;. in a note of which, 
p. 28, he ſays, Mr. 2 EDDY oth 155 7516 ne — 
returning of the light.” nemo 03! 0 dn 
MX. CAN Trou has bes diverfificd: this beautiful exp. 0 
by bringing the excited tube to another glaſs tube, exhauſted, 
and eden ſealed; by which means, he exhibits the per- 
fect appearance of an aurora borealis. The flame from ane of 
its extremities, which is in a manner coated by the hand which 
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the return of the electric light in vacuo, was mad e before the diſcovery of the Leyden phial 
by Mr. Cann of Bü in Poland, but this was unknown both to Dr. Watſon and Mr; 
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holds it, will dart to the other extremity, at uncertain intervals 
of time, for near a quarter of an hour together, Within: he ona 
ing the application of the excited tube. ; 
__ WueNnit was generally agreed among. clofhticiens, chat what 
pad been called vitreous and reſinous electricity were in reality 
A redundancy of the electric fluid in one caſe, and a deficiency 
in the other; and when, in conſequence of this ſuppoſition, 
the one was called poſitive, and the other negative electricity; 
there ſtill remained ſome doubt which of the two was poſitive, 
and. which negative. Mr. Wilſon, in a paper read at the Royal 
Society, December the 6th. 1759, recites an experiment which, 8 
he thought, put the matter beyond all diſpute, and abſolutely 
determined, that what had been called vitreous was really 
poſitive, and what had been called reſinous was negative; 
as, indeed, had generally been ſuppoſed, though, as Mr. 
| Wilſon thought, without ſufficient reaſon, notwithſtanding 
what had been advanced by Dr. . ng Mr. Cantos | 
upon. that ſubjece | 
| REPEATING the beautiful experiment 8 ſions.) as 
Girſt contrived by Lord Charles Cavendiſh, he ſays. he attended 
to a circumſtance which ſeemed to have been overlooked by Dr. 
Watſon, who publiſhed the account of it. This was a ſingular 
appearance of light upon one of the ſurfaces of the quickſilver. 
To obſerve this remarkable, appearance to more advantage, Mr. 
Wilſon let a ſmall quantity of air into the tube, by which means 
four columns of quickfilver were obtained, and conſequently 
fix viſible ſurfaces, in one of the legs of the inverted tube. He 
then electrified the mercury in the other leg, while the mercury 
on the oppoſite ſide had a communication with the earth, when. 
the room being dark, the ſtream of electric light was vible 
through the whole length of the vacuum, and its general appear- 


ance: - 


2] faces of eack column, where about one tenth of an inch above: the 
ſurface, the light a was always conſiderably. brighter; whereas the 


rather leſs: bright 3 in: thoſe places than in the 1 nn 
of the whole: illuminated vacuum 


ON's-EXPERIMENTS lar I, 
e Was n uniform denſity; except at the upper ſur-. 


d no ſuch an appearance, the light being 


* pearance Mo, Wilſon aſcribed to dhe refiſt- 
ance the fluid met with at the upper ſurface of the quickſilver, 


in. endeavouring | to get into it. He therefore inferred that ex- 


Cited glaſs electriſied bodies poſitively, or e — a ne 
mantitj of the electric fluid than they had. ba 
Herzum, in the ſame place, with a 8 of ks, 
inſtead of glaſs, the luminous appearances. were all on the under 
ee, the columns of quickſilver; from which he inferred, 


that roſin lefified bodies negatively, depriving them of part of 
_ eccaſioning a current of electric fluid to ſet the contrary way. 


fluid which they naturally had; or, as he ABT ws 


Tursx luminous appearances, Mr. Wilſon alſo. conſidered, as 


a a ſtrong confirmation of the exiſtence of a nedium, at or near the 


ſurfaces of bodies, which hindered the entrance or exit of the elec- 
tric fluid. A doctrine which Mr. Wilſon had advanced, and laid 


great ſtreſs upon on ſeveral other occaſions. * 


Tun arguments which go Mr. Wilſon appeared. dean tn 


| proof of what is commonly ſuppoſed, that glaſs electrifies hs 
and ſulphur, &c. minus, did not appear ſo to Æpinus; though he 


acknowledges that the knobs of light in the vacuum did, in 
common with many other appearances, prove a real difference be- 


| tween the two electricities; and thought that it was very eaſy to 


ire, at when an elaſtic fluid iſſues fram a + body, it . | 


of Phil. Trand, Vol. 51. Pt. 1, P. 308. | ; . 
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be! denſer near the Saeksee fem 6. hes it IMS; than where it 
finds mors liberty 


te expand itſelf; "He might have added, that 
this might have been ex pocted, from the mutual attraction which 
is ſupp pe fed | 0 ſubſiſt between the electric fluid, and other bodies. 
But Æpinus did not-'Expreſly mention this circumſtance, / Mr. 
Wilſon, cherefore, makes light of the objection; and adds, that 
when he related the experiment with-the bent tube, in his letter 
to Dr. Heberdek, he emitted ſome phenomena attending the 
fact; which greatly favoured the doctrine he advanced. If, 
fays he, when-glaſs is electrified, and applied to the firſt oolumn, 
wwe ſuffer the electric fluid to paſs along the tube in ſmall quan- 
titles only, and at ſhort intervals, little luminous ſtreams will 
be ſeen to move from the firſt to the ſecond column of quick- 
fitver, and conſequently from the glaſs. The like appearances 
happen; but in a contrary dire&ion, when roſin or amber is 
made uſe of, and applied to the ſame column. Glaſs, therefore, 
e ce ncludes, electrifies plus, or fills bodies with more of this 
fluid than belongs to them naturally,” and roſin, &c. minus. 
Ir will excite no diſagreeable ſenſation in the leſs grave and 
fatariiine Ab my readers to be informed, that Thave been amuſing 
h a controverſy Which took its riſe from à deception: 
for Mr. Canton informs me, and gives me leave to inform the 
public, that the light which Mr. Wilſon takes notice of, as 
appearing on one ſurface of the mercury in the donble barometer 
of Lord Charles Cavendiſh, and which Mr. Wilſon takés to be 
a proof of the exiſtence of a medium on the ſurfaces of bodies, 
which hinders the entrance or exit of the electric fluid to ſome 
degree, he found to be cauſed by nothing but common air. For 
* the Torricellian vacuum be properly made, no difference of 
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if as much air be let into the vacuum, as will make exch column 
of mercury a quarter pf an inch ſhorter than that of a good ba 
rometer, the light will appear much as, Mr. Wilſon, has deſcribed 
it. When Mr. Wilſon ſuppoſe that Dr. Watſon, when he 
made the experim. at of the T. rricellian vacuum, did not attend 
| ta;the-fingular appearance of light on one of the ſurfaces of the 
mercury, he little ſuſpected that if the vacuum Dr. Watſon made 
was free from air, there was no. ſuch. üngular appearance of 
light to be attended to. Air, Mr. Canton dt. muſt be con- 
denſed near the ſurface of all bodies that attract it and will, 
22 be ſome hindrance to the exit, or entrance of 
electric fluid, exeept the bodies be very ſharply een 
Sour curious nene relating to electrie light were + 
by Mr. Wilcke. Rubbing two pieces of glaſs together in the 
ies Wan blo: Ivi A areal light: which, however, 
| bs e = it Was ex- 


that ban þ ha would not excite, — 0 45 to. 0 be as 
bodies — — mult be of 4565 re 
A their ens the e Hyd, 


pounded — | laſs of all kinds... 
A rug excited with a — on wh 15 . — 


„Wucke, p. 123 124 


* 


or 
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a il had ven pit; he dyn rec out flames; ack of which 
den exarr 1 red to —— lirtle' protuderince of 
and very narrow at the bottom, but 
ther - from the tube it Gieided into ſeveral ramiffetiohs; 
which dhways travel” to theſe parts of the tube whic n the 
leaſt excited, or to conductors in the neighbourheod. ? | 
He fays that,” upord! preſenting a finger or other — 
to am exeited negative elerte, u ehe of light is formed; | the 
baſe of which is at the finger, or other nonlelectrie, and 0 


apex at the electrie, on the fatface'of WEE 1 ob 0 
ſiderable diſtance all round. 1 Hr nr an an 


| . particles thrown 1 


like thoſe. which. are | produced by the collifion of £ fine and 
ſteel. T R icke B D⁰f¹,ν]“ e Renn 5 1 AN 3 
— various x nductor, ani nting. 
to them, which were ſometimes of glaſs and ities mes 
of metal, and varying them in every manner poſſible; He always 
found (except when two metal balls were uſed) that the light 
_ them formed a cone, th of Which was always on 
body wh — tand the apex on that' which was 
. He ſays chat this criterion is ſuffcient to iſtrighith 
che tWO electrioities f om one another. 1 7110 220135 iir E 
H obſerves m at the apex of a cone ilſuing from poi nted 
bodies, electrified poſitively, thete is à oylindrieal ' fpark7 out of 
which lucid rays; like river, are darted. Theſe'rays, he ſays, 
form a lucid cone; the apex of which is turned towards the 
point from which the fire proceeds. Sometimes from the apex, - 
or at ſome diſtance from it, there is a lucid point, which, he 


* Wilcke, p. 125. + Ib. p. 127. 7 Ib. p. 130. | 
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n an diſtinctire 
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lender ieh a h v ene dds point: a 
n bee f its ſides 3 An wit: acpurately ex- 
ine cones, th he baſes of lich eg a p 


and formed — — — ns; the. middle i 
dn. of, electric light, which as ſeen: perfectly diſtincti 
rom it. When the electrification - was :Gipomjupes; the _ 
Wu alcended as at firſt. From this depreſſi 

Wilcke infers the, es ol the 


1 
's „Wücke, p- 1 321 
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his ondhuluni concerning this proof of the eme Pena e U. 
MA. Wilcox Al thought it to be 4 proof, ane deere 
matter did not on flow Out of the ſubſtance” of electrified 

bodies, but upon "the furface of them, that a betete ring. 
projecting ever fo little beyond che point of 4 wite on which'it 

had been put, ptevents tlie appearance of the dueid peint. 
vation which 1 ſhall” recite of Mr. Wilcke 


Tux laſt obfe 
concetning electric Tight is, that if a point not electriſied be 
oppoſed to a point electrified poſitively, the '« mes of light, 
which, in other circumſtances, would appear upon e of 
them; difappear; büt chat if a poſrtive cone be oppoſtd 
negative cone _—_ both pr ſe * e n bands pro- 
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perties. * n * 2511-1 
Stic drox Merkt abun eben "that the direction 1 6f the 
electric fluid — determined from the phenomena of pointed 

bodies. "The ch he means the electric fire at a 
: point ele E dige yy he ſays, contracts as it approaches 
a flat piece of metal not electrified; whereas the ar (by which; 
he means the electric fits at a point electrified negatively) expands 
in the fame eireumſtances, and has a ſmall cavity near the point 
wander hats 8 The 1 with: 4 
mapping 
gives any dead for the firſt 'of theſe nomena; ry dhe 
that ſach 18 ine neceffüry conſeijuence of a fluid iſſuing out of, 
or eit ing into a point. But the greatef noiſe made by the: 
: pencil; he thought” was. made by-the impulſe given by the elec- 
trio matter to che air, caufing it to vibrate : and this muſt be: 


greater When the fuld is hrown from the point into the air,, 
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phenomena 3 Ahne, ne in both. We 156404104 7 
*S16N16R: Dec obſerved that hollow glas elſes, of. a 
ertain ted of air, gave a light when. 2 
| Wees be By a beautiful train of. 8 
found, at length, that the luminous appeal | 
boned by the-breaking of the glais, but by che adding of the 
external MOD the inſide, when it was broke. le covered 
oe ef theſe er hauſte veſiels with, a — nd letting the, 
ſudden me it, obſerved. the "exp: me even 
This he calls his nen invented pheſ borus. ow 1144 
Turs excellent philoſopher produced a moſt bountiful 1PP4 4 . 
ance of electr 0 light in the fal 8 WI 18 manner. He conveyed 
poſitive: electricity to a braſs ball, ſuſpended. by a wire, within. 
an exhauſted receiver, when, upon preſenting to it Ather bal A 
in uacuo, the lower hemiſphere of the former was moſt beautifully | 
illuminated, with a viſible electric atmoſphere. When he 
eyec ee * to che ball, ar ane 7 
— he: fays, it is a very delicate.one,. requiring great ps tie 
ce and dexterity, in adj aſting he Mi aces, A in Wanda to 
ake it ſucceed perfectly. 
Tuna v electric light is more Clan, zenetra * „ if 
ſay ſo, than light produced in any other way is manifeſt from. Ge 
veral experiments, particularly the remarkable one of Mr. Haw- 
keſbee ; but none prove it ſo clearly as ſome made by the i inge 
nious- Mr. Lane, who gives me leave to mention theſe. 


i 
Ls 
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2 Eleruiciſmo artificiale, p. 63s: 4 w. I Later dell' cletuiciſino, P- 365, &c. 
7731 (Phil. Tranf, vol. 56. p. 105. | 
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n Wurm he has, for ſome diffe ent purpoſe; the | 
work paſs over the ſurface of a piece of — in the dark 50 15 

ſerve that the part over which the fire had paſſed was lami- 
nous, and retained that appearance for ſome time. No ſuch ef- 
fe& of the electric ſhock having ever been obſerved: before; he 
repeated the experiment with a great variety of circumſtances, 
and found it always anſwered with all calcarious ſubſtances, 
whether animal or mineral, and eſpecially if they had been burnt 
into a lime. And, as far as he had tried; many neee ; 
would Ke Files Ht n u * 40 it „mon. 


not eco ine ay, 


Tiles, ad rte were deen but 
though well burn. NN N 
Fur gypſeous n when joins wie e lum 
; peel from bits of images made of plaiſter of Page 
this claſs, he ſays, is the famous Bolognian ſtone. But wy y bo- 
| lies, he found, were luminous after the electrie ſtroke, which 
were not apparently ſo, when expoſed to the rays of the fun. 

H made theſe curious experiments by placing' the chain * or 
wires that led from the conductor to the outward coating of his 
jar, within one, two, or three inches (according to the ſtrength of 
the charge) from one another, on the ſurface of the body to be 
tried, and diſcharging a ſhock through them. If the ſtone was 
| thin, he found, that if one chain was placed at the top, and the 

other at the bottom, it would me luminous on n ſides af- 
ter the exploſion. Dy bad neat fois, 

Mx. CAN TON, to whom theſe eee were © mMmmuni- 
cated, clearly proved, that it was the Iigbt only that the ſub- 
ſtances retained, and nothing peculiar to electricity; and, more- | 
over, after frequent trials, diſcovered a compoſition, which re- 


light, and that of electricity, much more 
ſtrongly 


A 
1 


5 Seat ae e eee dae „Thel flalh made 
bp the diſcharge of a common jar, within an inch of a citculat 
Diece of it, of about two inches and u half in diameters will 
5 ate it FA mashenthgt the gare on a Watch plate may be 


eve aun oom, and it will retain 


e 
g 121. 
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electric light, with an account of a cable appearance which 
| if oc ee Mr, Hartman. When he had been; making experi- 
| four or five hours together, in a ſmall room, ang after go- 

| | | ing out of it, returned ſoon, Ps a e Sn Is: 
| x a pretty ſw ity h 

1 at the diſtance of about a aft Fel wiſhed. w 
he ſtopped to exa ing it. . He Was 3 pans eee at 

b appearance at firſt, but afterwards imagined, it to be 

by the accenſion of the ſulphur, which, 

Es 5 the air A violent continued 
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\HIS' period of my hiſtory fur iſhes worms : 
of electrical inquiries; Which, if properly purſued, wor 
throw great light upon the moſt gegträr Pwf erte f tet city, 
This is the Tourmalin: though, it muſt be acknowledged: ak 
experiments which have hitherto been made upon this foſſil 
ſtand like wende all that \ was eee known of the ſub 
Joh | ; | | een TEMPO V12GX2 
Tus teurmalin, as Dr. Watson nnn demonſttated, 
was known to the antients under the name of the Ancunium. All 
that t Theophraſtus ſays concerning the lyncurium agrees wath the 
tourmalin, and with no other foſſil that we are acquainted with. 
He ſays, that it Was uſed for ſeals, that it was very, hard, that ĩt 
was endued with an attracting power like amber, a nd that it was 
ſaid; particularly by Diocles, to attract not only.ſtravis, and ſmall 
pieces of wood, but alſo copper and iron, if beaten very thin; 
that it was pellucidę of à deep red colour, and required no 
faxall labour to-poliſly/ it. The account which paſſed gurrenk 
among the ancients concerning the origin of this ſtone was 
Q q fabulous, 


_ 


mug , ee . — — 
* » 4 a 
—_— 


of nn at Paris na the _ 1717 where we are told, that 


Soeiety, informed us, that when he was at Naples, in ther year 
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fabulous, which made ee think that on val Ai 
was fabulous too. Neale 
Turs ftone, though not nds — ee a 
ſophers, till very lately, is common in reral parts of the Eaſt 
Indies, and more particularly An thb Hland of Ceylon, where it 
is called by the natives rournamal. In this iſland the Dutch 
became acquainted with mu and by them it is called aſebentrither, 
ty of ng aſhes, when it is thrown i into 


_— 


the fire. l . TUO wit #0 e hfnT nn ant 


433 


Tur firſt account we * had, of late hn: concerning | 
this extraordinary ſtone is in the Hiſtory of the Royal Academy 


Oaes, men Ac bes, eg Irony | kits, of 
paper, Be. HOOnA! gg Num r ber cle offr ei sick 
INN us, in his Flora Zeyloniea; mentions this tene nder 
che name of lapit elecfricua and 1 notice 3 Lemerys | 
experiments. 

- >NoTwrr ns TANDING: this, u fumhet! . of 
this ſtone and W fete: til dme years after; when the Duc 
De Noya, in his letter to Mr., Buffon, preſented to the Rl 


1744, the Caunt Pichetti, ſecretary to the king; aſſured him, 


that, durzug his eee he had ſeen ai ſmall 


ne called” rourmalin. which © attrafted! and; repelled aſbes. 
This aceount the Due De Noyz had quite forgotten, but being 
in Holland in the year 1758, he ſaw, and purchaſed two of 
n ones,” Wich e ee with ane Dauben- 


0 1 sick 12 10. £ 1121) * 9117 30 99009 218 912 241 ton 
3 161 2 
8 7 1 — , 
\ 
% 


&o. 8 , ? . 7 2 * * 
* F pant ooh: 4 2 ; 8 % , y 
aXiSec. X. oon "Ht TOURMATL 


ton and Adamſon; he made a great number of e periments, 
which he favoured the public with a particular accou ., 454. 
Bo. — 15 pangen Joya's experiments, Mr. Lech- 
man had anted Wpinus with the attractive power of he | 
tourmalin, and furniſhed him with two of them, on which he 
made many experimen the reſult of which he publiſhed in 
he Hiſtory' of the Academy of ſtiences and belles nee 
Berlin 5 * year 17 16. _ NI the embir ig as 
Gllaag. 21: to »oitan offs e beguhborzt E atlormiioot wir” 
Tur aural has e at * aas dib, 4 coliive: and 
ie dec ep g . of its ſides being Im one ſtate, and 
the e in the ae, mne and -this _ pan ge the 
n the ſtrongeſt degtee, — ſtone — water. 
9 fide r be heated more than the other 
(as if it be laid upon a hot cake of metal) each of the ſicdes ac 
quite an electricity oppaſite tocthat which is anal. an 5 /but 
if left to itſelf, it will return to its natural ſtate 
Ir one of the ſides of the tourmalin be en 3 
other is in contact with; ſome conductor communicating with 
the ground; the rubbed ſide is always poſitive, and the other 
negative. If neither ſide be in contact with a conductor, both 
become poſitive. If, in the former of theſe. caſes, the tourma- 
lin be rubbed; ſo as to acquire a fenfible heat, and the ſide which 
is naturally poſitive be made negative, it will upon ſtanding to 
cool, return to its natural ſtate; but if it have acquired no ſenſi- 
ble heat, it will not return to its natura Rate while any kind of 
2 remains. If it be heatedz'« eben when it is rübbech uin | 
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as * Phil. Tran vol.; 51. 2 I, p. * 
2qQ $467 1447 inſulated, 
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PR. X. Sec. IX. 


natural to the hotter ſide, that is, the tourmalin is plus on both 
ſides, when the plus fide is ener and minus on Ow my 


when the minus fide is ketten 444 24A x wr 
+ Uron this Æpinus repeated all his former: ane abs 


and contrary to that of Mr. Wilſon. Mr. Wilſon alſo repeated 


his, without any variation in the event, and imagined the dif- 


ference between him and Æpinus might ariſe from the differ- 
ent ſizes of the tourmalins they made uſe of, ot from their dif- 
ferent manner of making the experiments. And it is evident, 


from the deſcription of both their apparatuſes, that of Mr. 


Wilſon was much better calculated for the purpoſe of accurate 


greater variety of methods of communicating. heat to his tour 
malins. He both plunged them in boiling water, held them 
to the flame of a candle, ng: Aw. Haves; to hontes? ed 

0 ae WW detail * all Mr. Wilſon's experiments. Id b 
as I obſerved before, much too long for my purpoſe, I cannot hel p 


relating one of them, which was made with the laſt mentioned 


method of treating. He heated one end of a glaſs tube red hot, 
and when he had expoſed what both he and Æpinus call the 
negative fide of the tourmalin to it ; he obſerved. that about 


three inches of the heated part of the, glais were electrified minus, 


though the glaſs beyond that was. electrified plus, and continu- 


ed ſo even after the glaſs was cold, the electric fluid having 
paſſed from the tourmalin to the glaſs ;. fince theſe, were the 


ſame appearances that were. produced. by prefanting an excited 
tube to the heated glaſs. | 


* Phil. Tranſ. Vol. 53. f. 436, Acc. 
0 Hz 


Kill found the reſult of them agreeable to his former concluſion, 


experiments than that of Apinus. Mr. Wilſon alſo uſed a 
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1. * plus ſide of dhe tourmalin to the ſame 
heated glaſs, and found that the tube was electrified minus, above 
a foot in length, without the leaſt appearance of a plus electri- 
eity beyond the minus one, as in the other experiment; and this 
minus electricity appeared when the tube was nearly cold. In 
Wie * aden that the . fluid mon vagen ene * 
„Mx. Wiser — that che tes, as 8 as 1 
das permeable to the electric fluid, and that the reſiſtance to its 
entering the ſubſtance of it was leſs on what he calls the nega- 
tive than on the poſitive ſide. Theſe concluſions, he drew from 
the two following experiments, Rubbing the poſitive ſide of 
the ſtone: ſlightly, he found both fides electrified plus, but rub- 
bing the negative fide in the ſame manner, both ſides were elee- 
tried plus more ſtrongly than before, cx 

SRVERAL experiments led Mr. Wilſon: to delete ns hs 
tournalin reſiſted the exit and entrance of the electric fluid 
conſiderably leſs than glaſs, or even than amber; and upon 
the whole he infers, that the tourmalin differs in nothing pak 
other electric bodies but in acquiring electricity by heat.“ 

ExAMIxIxd a great number of tourmalins, he found . 
a line drawn from the plus part, through the oenter of the ſtone; 
would always paſs through the minus part. 

Alis all theſe tourmalins he greaſed over, and whilſt 
[hy were warm enough to preſerve the greaſe liquid, he tried 
each tourmalin ſeparately, but found no alteration in the virtue 
of the ſtone, except that it was a little weakened ; though it 
is well known, he ſays, that moiſture of any ſort readily conducts 
the electric fluid. If, therefore, the tourmalin had not a fixed 


# Phil, Tranſ. Vol. 51. pt. 1. p. 327. I Ib. Vol. 51. pt. 1. p. 329. 
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kind of electricity, the plus and minus electricity, obſervable on 
the two ſides of the ſtone, muſt, by this treatment, have uni- 
ted: and deſtroyed each other. From this circumſtance Mr: 
Wilſon concluded, that the tourmalin ſuffered the electric fluid 
to paſs through it only in one direction, and that in this it bore 
ſome; analogy to the loadſtone ; having, as it were, two elec- 
tric poles, Which are not eaſily deſtroyed or altered. But he 
was not aware how een a conductor N or . _ 
kind i N bs 
enn induced bim to foi i like the Ind as 
tourmalin would loſe its virtue after being made red hot; hut, 
though he kept two of them in a ſtrong fire for half an hour, he 
could not perceive the leaſt alteration in them: but plunging. 
one in water, while it was red hot entirely deſtroyed its virtue, 
and gave it the appearance of having been ſhivered in many parts 
without breaking. + He obſerves that when a tourmalin, which 
he had from Dr. Morton, was held between the eye and the 
light, and viewed in the direction through which the electric 
fluid is found to paſs, it appears of a darker colour conſiderablß 
than when it is viewed at right angles to the former dirations. 
This appearance, he ſays, obtains in many other tourmalins, 
eſpecially when they happen to be as conveniently ſhaped. $8 
-NoTWITHSTAN DING the attention given to this ſubject: by. 
Epinus and Mr. Wilſon, the moſt important diſcovery relating 
to the electricity of the tourmalin was reſerved for Mr. Canton z 
who, in a paper read at the Royal Society in the ſame month 
with that above- mentioned of Mr. Wilſon, viz. December 1759, 
_— that the tourmalin emits and abſorbs the electrie fluid 
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only by the increaſe or diminution of its heat. For if the tour- 
malin, he ſays, be placed on a plain piece of heated glaſs or me- 
tal, ſo that each ſide of it, by being perpendicular to the ſurface 
| of the heating body, may be equally heated it will, while heat- 
ing, have the electricity of one of its ſides poſitive, and that of 
the other negative. This will, likewiſe, be the caſe when it is 
taken out of boiling water and ſuffered to cool; but the ſide 
which was poſitive while it was heating will be negative 
while it is cooling, and on which was mand: will be a 
ere. 

In this paper Mr. Date Aſo to 1 Senden 8 Magazine 
eee of September before, in which he had publiſhed 
the reſult of ſome experiments he had made on a tourmalin which 
he had procured from Holland. The propoſitions he there lays 
don are ſo few, and compriſe the principal part of what is 

known upon this ſubject in ſo conciſe and e a 1 * 
1 _ recite them all in this place.” 

| Wurd the tourmalin is not electrical or . heating 
Pl kings friction, will make it ſo ; and the electricity of one 
fide of it (diſtinguiſhed by A) will be ee, and that. of the 
other ſide (B) will be negative. 24 

2. Taz tourmalin not being electrical will dn a bs WY o 
ing; but with this difference, that the fide A * be , 
and the ſide B poſitive. 

3. Ix the tourmalin, in a l e fats, 3 8 
ſatte; ed to cool again, without either of its ſides being touched; 
A will be poſitive, an B en the whole time of the inceonts 
and decreaſe of its het. 

4. EITHER fide of ws — will be poktive by friction, 
abs; both may be made ſo at the ſame time. | 

Tkxer. ſays he, are the Principal laws of the eleftelcity: of 
2 « this 
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this wonderful ſtone; and he adds, if air be ſuppoſed to be en- 
dued with ſimilar properties, i. e. of becoming electrical by the 
increaſe or diminution of its heat (as is probable, if its ſtate 
before and after a thunder ſtorm be attended to) thunder clouds 
both poſitive and ne n as well as thunder: 3 RY * 
be accounted for. 
 Trese 1 diſeterzen were 1 before Me. Canton had 
received of Dr. Heberden the tourmalins above-mentioned. 
When thoſe came to his hands he was enabled to make ſeveral 
new and curious experiments, which I have leave to publiſh, 
; He put one of the tourmalins, | which was of the. com- 
mon colour into the flame from a blow-pipe and burnt it 
white ; when he found that its electrical property was intirely 
deſtroyed. The electricity of another was only in part deſtroyed 
by the fire. Two other tourmalins he joined together, when 
they were made ſoft by fire, without deſtroying the electrical 
property. The virtue of another was improved by its being 
melted at one end; and he found (contrary to what Mr. Wilſon 
had obſerved of another tourmalin, which he treated in the ſame 
manner) that one tourmalin retained its electrical property after 
it had been frequently. made red hs: and, in that ates put 
into cold water. 
Bur the moſt curious of his experiments were made upon a 
large irregular tourmalin, about half an inch in length, which 
he cut in three pieces; taking one part from the poſitive, and 
another from the negative end. Trying theſe pieces ſeparately, 
he found the outer ſide of the piece which he cut from the end 
that was negative when cooling was likewiſe negative when 
cooling, and that the outer ſide of that piece which was cut 
from the end that was poſitive when cooling was likewiſe: poſi 
dire when cooling; z. the oppolite tides « of hoth pieces being, agree- 
R r | able 


4 the quoi wy of the aaf of the winhatin, 6 in 
contriry.ſtate, - 1 „ ett aTiiw 4 "I: 

Tux middle part of the Aa a was affected juſt as'it 
had been when it was intire; the poſitive end remained ene ny 
aud the N end hs hs r e N dog cr | 


this, which were alſo cut out E age Ons) 1 151165 52 # 
on January the 8th. 1762, Mr. Canton 0 thi a n 
large tourmalin (which Mr. Wilſon has given a deſcription of 
in the 31ſt. vol. of the Philoſophical Tranſactions, p. 316) and 
having placed a ſmall tin cup of boiling water on one end of his 
electrometer, which was fupported by warm glaſs, hi le the 
pith balls were ſuſpended at the other end; he dropped it into 
the water, and obſcryed, that during the whole time of its be= 
ing heated, and Uo while it Was s cooling i in the ed the 
balls were not at all electrified. 9 TED 
"Tax: reſult of this experiment was contrary to one of a fi mile 
nature made by Mr. Wilſon on the ſame tourmalin; who ſays, as 
has been related above, that when the tourmalin was covered 
over with liquid greaſe, it ſtill retained its electric virtue. | - 858 
TI I the year 1760 it had been ſuppoſed, that, of all elec- 
tric ſubſtances, the tourmalin alone, poſſeſſed the property of 
being excited by heating and cooling, but in the beginning of 
that year, Mr. Canton having had an opportunity of examining 
a variety of gems, by the favour of Mr. Nicolas Criſp a jeweller 
in Bow church yard, firſt found the Brazil topaz to have the 
electrical properties of the tourmalin, The largeſt he met with 
he put into the hands of Dr. Heberden, who returned it Novem- 


ber the 27M. Hed,” and ſEnt with it the tourmalins above» 
mentioned.” | 


"Uh — 1 wh Wilſon (abs had b deen inter med of 
Mr. 
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. Me. Cantor's diſcovery) met with ſeveral other gems,” of a; 
rent ſizes and colours, that wang the tourmalin with re- 
\ Hed to electrical experiments. The moſt beautiful of them were 
ſomething like the ruby, — were more pale, and one in- 
lining to an orange colour. In point of Mi ch a Nell | 
mien were nearly the ſame with the topaz. 
Fon all his experiments upon theſe gems 8 ee — 
abundantly evident, that the direction of the fluid did not depend 
upon the external figure of the gem, but upon ſome particular 
internal make and conſtitution b And that there is ſome 
uch natural diſpoſition in all gems affording; theſe. appearances 
| may be collected, he fays, from: another curious ſpecimen of the 
tourmalin kind, which is green, and formed of long ſlender 
chryſtals with ſeveral fides ; many of which are found — 
together, and are brought from South America. 

. Tnzse gems, numbers of which were furniſhed him by Mr. 
Emanuel Mendes Da Coſta, he found not only, like the tourma- 
lin, in regard to electric appearances ; but that the direction of 
the electric fluid moving therein was always along the grain or 
ſhootings of the chryſtals, one end thereof being electrified plus, 
and the other end minus. And that the fluid is more diſpoſed to 
paſs in that direction than in another, he thought, might be 
farther collected from what has been obſerved on the grain of 
the loadſtone by Dr. Knight; who found that though the 
magnetic poles of the natural loadſtone might be varied in any 

direction, yet that the ſame loadſtone admitted of being made 
much more magnetical along the grain than acroſs it. 

FROM theſe experiments and obſervations Mr. Wilſon inferred 
by anology, that the electric fluid, flowin g through all theſe 
ſtones and gems, moves in that direction in which the grain 
happens to lie. 3 «ud that the reaſon of this is, that the reſiſtance 
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he fluid meets with in ralzag through the 
direction than in any GUiher ? 
Ix a ſubſequent paper of Mr. Wilſon's, read at the Royal 
Hector December the 23d. 1763, and March 1764, he recites 
ſeveral curious experiments on the effects of removing the tour 
malin from one room to another, in which: there was ſome di 
ference of heat; the reſult of which exactly confirms Mr. Can- 
ton's diſcovery, that the fide which is poſitive when heating is 
negative when cooling, and vice verſa. Upon a very nice exa- 
mination, and during ſome favourable circumſtances, Mr. Wil. 
fon fays he has obſerved the tourmalin to be feebly elecrified, | 
when the thermometer varied up and down only one degree. Þ+ 
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FRANKLIN. WITH RESPECT To THE { SAMENESS or F LIGNT= 7 
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us HE year 1752 makes an aera in electricity no leſs Bine 
than the year 1746, in which the Leyden phial was dif 
covered. In che year 1752, was verified the hypotheſis of Dr. 
Franklin, of the identity of the matter of lightning and of the 
electric fluid; and his great project of trying the experiment, by 
real li ghtning actually ner down from the clouds, was efron gr 
into execution. Fe * 
Tur French philoſophers were the e gelt to 1 FRY 
ſelves upon this memorable occaſion, and the moſt active perſons 
in the ſcene were Mr. Dalibard and Delor, both zealous partiſans 
(as Mr. Nollet calls them) of Dr. Franklin. The former pre- 
pared his apparatus at Marly La Ville, ſituated five or fix leagues 
from Paris, the other at his own houſe, on ſome of the higheſt 
ground i in that capital. Mr. Dalibard's machine conſiſted of an 
Iron rod forty feet long, the lower extremity of which was brought 
into a "Many box, where the rain could not come; Na on the 
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outſide, it was faſtened to three wooden poſts by A filk ſteings 
defended from the rain. This machine happened to be the firſt 
that was favoured with a viſit from this ethereal fire. The phi- 
loſopher himſelf happened not to be at home at that time; but, 
in his abſence, he entruſted the care bf his apparatus to one Coif- 
ier a joiner, a man who had ſerved fourteen years among the dra- 
goons, and on whoſe underſtanding and courage he could depend. 
This artiſan had all proper inſtructions given him, both how to 
make obſervations, and alſo to guard himſelf from any harm there 
might be from them; beſides being expreſſly ordered to get ſome 
of his neighbours to be preſent, and particularly to ſend for 
the curate of Marly, whenever there ſhould be any appearance 
of the approach of a thunder ſtorm. At _ the long _—_— | 


ed event arrived. 


Ox vedneſday, the 1loth. of May 1752, between two and * 
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&elock. in the afternoon, Coifficr heard a pretty loud clap 
der. Immediately he flies to the machine, takes a phial | furniſh- 
ed with a braſs wire, and preſenting one end of the wire to tho 
rod, he ſees a ſmall beight ſpark iſſue from i it, and hears the - ap- 


ping that it made a eco ark ſtronger 
former, and ed with a louder —— he calls his nei 


n 


Fr the — ra e s, ee > Fay precipitation of this. re 
Maiden imagine: Shes poor Geier had. Mere ware. with bghtn Per 


n 


on, did not ih e che flock 4 following. their ſhepherd. The 
honeſt ecclcfiaſtic arriving at the machine, and ſeeing there was 
no danger, took the wire into his own hand, and immediately drew 
ſeveral ſtrong ſparks, which were moſt evidently of an electrical 
nature, and complegted the diſcgvery for which.the machine was 
dected. The thunder cloud was not more than a quarter of an 

hour 
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hout in paſſing over * zenith of the machine, and there was 
no thunder heard beſides that ſingle clap. As ſoon as the ſtorm 
Was over, and no more ſparks could be drawn from the Bar, the 
curate wrote a letter to Mr. Dalibard, containing an account of 
this remarkable een ad "os Here ere wy the habe 
of Coiffier himſelf, it, 20D 41960 
x ſays, that he 5 ſparks f (RP the' bar of 2 sade 
an inch and a half in length, and which ſmelt ſtrong of ſulphur. 
He repeated the experiment at leaſt ſix times in the ſpace of 5 
about four minutes, in the preſence of many perſons, each ex- 
periment taking up the time, as . in the ſtile of a prieſt 
exprefſeth himſelf, of a pater and an aut. In the courſe of theſe 
experiments he received a ſtroke on bis arm, a little above the 7 
etbow, but he could not tell whether it came from the braſs © 5 
wire inſerted into the phial, or from the iron bar. He did not 
attend to the ſtroke at the time he received it, but, the pain 
continuing, he uncoveted his arm when he went home, in 
the preſence of Coiffier; and a mark was perceived round 
his arm, ſuch as might have been made by a blow with the 
wire on his naked ſkin; and afterwards ſeveral perſons, who 
knew nothing of what had happened, ſaid that e . a 
ſmell of ſulphur when he came near them. 
- Corryies' told Mr. Dalibard, that for about a apa ata 
bour before the curate arrived, he had, in the preſence of five 
or ſix perſons, taken cn den W thas thoſe un. the 
curate mentioned. *.- ? 
Eier days after, Mr. Delon 2 * a * oy his own 
houſe, although ro a cloud en over, without Sither hum 
der or lightning. +. 


a 
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Tux ſame experiments were afterwards tepeated by Mr. Delor, 
at the requeſt of the king of France, who, it is ſaid, faw them 
with tlie greateſt ſatisfaction, and expreſſed a juſt ſenſe of the 
merit of Dr. Franklin. Theſe applauſes of the king excited in 
Mr. De Buffon, Dalibard, and Delor, a deſire of verifying Dr. 
Franklin's hypotheſis more een 10 of purſuing Mis * 
| anne upon the ſubject. Nenn ; 55 
Mx. DeLar's apparatus in Paris confiſted a 9 — a 08 
ninety nine feet high, and anſwered rather better than that of 
Mr. Dalibard, which, as was obſerved before, was only forty 
Leet high. But as the quantity of electricity which they could 
procure from the clouds, in theſe firſt experiments, was but 
Imall, they added to this apparatus what they called a magazine of 
electricity, conſiſting of many bars of iron inſulated, and commu- 
nicating with the pointed iron rod. This magazine contained 
more of the electric matter, and gave a more ſenſible ſpark, 
upon the approach of the finger, than the pointed pans un 
 A'MAGAZINE of this kind Mr. Mazeas had in an upper room - 
of his houſe, into which he brought the lightning, by means 
of a wooden pole projecting out of his window, at the extremi- 
ty of which a glaſs tube, filled with roſin, received a pointed 
iron rod, twelve feet long. But all this while the electrics, 
which they made uſe of to ſupport theſe iron rods, were too 
much expoſed to the open air, and conſequently were liable to 
de wet, which would infallibly defeat their experiments. 

Tus moſt accurate experiments, made with theſe 1 
inſtruments, where thoſe of Mr. Monnier. He was convinced 
that the high ſituation in which the bar of iron had commonly 
been placed was not abſolutely neceſſary for this purpoſe: for he 
obſerved a common ſpeaking trumpet, ſuſpended upon ſilk ſive 
or bx feet from the ground, to exhibit very evident figns of elec» 

tricity. 
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tricky He alſo found that a man placed upon cakes of rofin,, 
and holding in his hand a wooden pole, about eighteen feet long, 
about which an iron wire was twiſted, ' was ſo well electrified 
when it thundered, that very lively ſparks were drawn from him; 
and that another man, ſtanding upon non- electrics, in the mid- 
dle of a garden, and only holding up one of his hands in the air, 
attracted, with the eker, hand, Grin: of wood which. were 
Held to him. oy | 

Hx ſays, that he obſerved a continual Auniaution of the elec= 
wivity: when the rain came on, though the thunder was till very 
loud, and though the cake of roſin which; ſupported his conduc- 
tor was not wet. But he eee found, that this was not 
univerſally true. 

Hz once obſerved, chat his thi 0 Si . 
rounded with drops of rain, only ſome of them were electrified; 
as was evident from the conic figure they had, while the reſt 
remained round as before. It was alſo perceived, that the elec- 
trified and non-electrified drops generally ſucceeded each other 
alternately; which made Mr. Monnier call to mind a ſingular 
phenomenon, Which happened ſome years before to five pea- 
ſants who were paſſing through a corn field, near Frankfort up- 
on the Oder. during a thunder ſtorm; when the lightning killed 
the firſt, the third, and the fifth of N without i 1 N the 
ſecond, or r the fourth.* x 

- Ir Was not owing to any -want of 0 attention to this ſubjed that 
the Engliſh philoſophers were not the firſt to verify the theory 
of Dr. Franklin. They happened to have few opportunities of 
trying experiments. In the few they had, they were diſappoint- 
el by the rain wetting their apparatus, which was not better 

conſttucted than that of the F rench. | 
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„ ne e aſfiduity and happier contrivance | 
7 4 Mr. path, Waden the lower end of his conducting wire, 
had had the precaution to faſten a tin cover, to keep the rain 
from the glaſs tube which ſupported it. By this means, on the 
5 A⁊⁊o0th. of July 1752, he got ſparks at the diſtance of half an m 
- but the whole appearance eeaſed in the ſpace of two minutes. * 
— Mn. Wirscx, who took great pains in theſe purſuits, as his 
1 did in every thing elſe relating to electricity, perceived ſeveral 
* electrical ſnaps, on the 12th. of Auguſt following, from no 


other apparatus than an iron curtain rod j one end of which he 
put into the neck of a glaſs' phial, which he 14 85 in his 1 
while the other was made to point into the air. 
Dx. Bxvis alſo, at this time, viz. on the 105 20 Ange 
obſerved: meadly tw ſame 3 n ov 7 9 050 had _ 
before. E We : Fs hg 7 
Mx. . ade reſuming his radia; on * 
ning. with the affiduity and accuracy. with which he obſerves 
eyery thing, found, by a great number of experiments, that 
fome-elouds were in a poſitive, and ſome in a negative ſtate of 
electricity. And that, by this means, the electricity of his 
conductor would ſometimes change from one . to the other 
five or fix times in leſs than half an hour. T & 
TuIS obſervation of Mr. Canton, on the Ait eleAricity 
of the clouds was made, and the account of it publiſhed in Eng- 
land, before it was known un mT Prams: bar: made the 
ſame diſcovery in America. 0 tolir 
| Wurx the air was pri 15 beeerbug that. the. apa 
would continue eleQrified | for ten minutes, or a quarter of an 
= , | hour after the clouds had paſſed the N and focnetimars till 


0 
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they were more than half way towards the horizon; that rain, 

eſpecially when the drops were large, generally brought down 
the elecric fire; and hail in ſummer, he believed, never failed. 
'The laſt obſervation he had made before the time of his writing 
this paper, his apparatus had been electrified by a fall of thaw- 
ing now. This was on the 12th. . of November 17 53. which, 
he ſays, was the 26th. day, and the ſixty firſt time, it had 
been electrified fore I it was firſt ſet _ VIZ. about the middle of 
the preceding May. 
On two thunder Aviins' had happened at Longitcn during 
that whole ſummer, and his apparatus was fo ſtrongly electrified 
by one of them, that the ringing of the bells (which he ſuſpend- 
ed to his apparatus, to fignify when the electrification was 
begun, and which were frequently rung ſo loud as to be heard in 
every room in the houſe) was ſtifled by the almoſt conſtant ſtream 
of denſe electric fire between each bell and the n ball, "nt 
would not ſuffer it to ſtrike. 

Urox a farther occaſion, he obſerves, that in the — | 
months of January, February, and March, his apparatus was 
electriſied no leſs than twenty five times, both poſitively and 
negatively, by ſnow as well as by hail and rain; and almoſt to 
as great a degree when Fahrenheit's thermometer was between 
twenty eight and thirty four, as he had ever en it in "em 
mer, except in a thunder ſtorm. K- — 

Mx. CaxroN concludes his paper with E the two 
fallowin g queries. - I, May not air ſuddenly rareſied give elec- 
tric fire to, and air ſuddenly condenſed; receive electric fire from, 
clouds and vapours paſſing through it? 2. Is not the aurora 
borealis the flaſhing of electric fire from poſitive towards negative 


2 
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clouds at a great diſtance, through the upper tere the atmoſ- 

| oP. where: the reſiſtance 1 is leaſt 2 * LH N 2180 1 Nis 12% "bo 
V Mx. CanToN not only obſerved che Aevents rv of poſi 
N : tov, negative electricity in the clouds, but alſo noted the 
Proportion that the one bore to the other for a confiderible time. 

In the firſt period he had obſerved the clouds had been x poſitively 

electrical 83 3 times, and negative 101. In this period Joi had 

Punctually ſet down how often the powers had ſhifted; and the 

whole time that the apparatus continued to be electtified, but 


he had intirely neglected to note the time that each power laſted. 
But this laſt circumſtance he afterwards carefully attended to, 
for about tyo n months, viz. from the 28th. of June to the 23d. of 
ö Auguſt 17543 and found the apparatus to be electriſied poſitively 
thirty one times, which taken together laſted three hours thirty 
five minutes; and negatively forty five times, the whole duration 
of which was ten hours thirty nine minutes. He alſo obſerved 
that the poſitive power was generally the ere We ac- 
count he wrote the 31ſt. of Auguſt 17544. 

Tus obſervations which Mr. Canton gives me leave to a 
public are extremely curious, and muſt have required great at- 
tention ; but they are aun mp to n een . 

concluſion. rex 

One of the effects of lghtaing and Ae bs the beg 
of metals. This was firſt thought to be a cold fuſion; but that 
opinion is refuted, in a very ſenſible manner, by Dr. Knight, in 
a paper read at the Royal Society November 22d. 1959. He ob- 
ſerves, that the inſtances moſt generally given of cold fuſion are 
two; viz. that af a ſword being melted i in its ſcabbard, and that 
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Ann unhurt. 1 TH 
A GREAT number of addr; ke 905 han FRY 18 
the facts, but without giving either their own teſtimony, or that 


of any one elſe for the truth of them, or deſcribing any of the 


other concomitant circumſtances. And it ſeemed to him very 
poſſible, that lightning might produce effects ſimilar to thoſe a- 


bove- mentioned, without our being obliged to n recourſe to a 


9 cold fuſion to account for them. 


Ir, ſays he, the edge or external ſurface of a ſword had been 


melted, whilſt the main part of the blade remained entire, it 
would have afforded ſufficient ground to aſſert, in general terms, 
that the ſword was melted, and yet the ſcabbard might have re- 
mained unhurt; becauſe either the edge or ſurface of a ſword 
might be inſtantly melted by lightning and cooled ſo ſuddenly; 


as to make no impreſſion of burning upon the ſcabbard. Metals, 


as well as other bodies, he obſerves, will both heat and cool ſoon- 
er in proportion as they are thin and ſlender; that very ſmall wire 
will inſtantly become red hot, and even melt, and run into a 


round globule in the flame of a common candle; though i it is no 


ſonner removed out of the flame, but it is inſtantly cold. He 
therefore concludes, that the edge of a ſword, or even its ſurface, 


might be inſtantly melted by lightning; and being in contact 


with, or rather ſtill united to the reſt of the blade, which might 
be cold, it would part with its heat too aden to e any 
nen of burning. 


Hxꝝ was confirmed in this reaſoning, by examining. take fragil 


ments and particles of wire melted by lightning, which were ſent. 


him by Mr. Mountaine. Amongſt them appeared globules of va- 


rious ſizes, which had undergone very different degrees of fuſion. 


The largeſt of them had not been fluid enough to put on a ſphe- | 
: rical 


of money being melted i in a » bag both the nen and . bag 
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rical figure, but they approached nearer to ity in proportion as 
they were ſmaller z ſo that, in the ſmalleſt granule, the fuſion 


was moſt; perfect, the globules being very round. and ſmooth. 
Their ſizes continued diminiſhing till they became inviſible to the 
naked eye, and ſome of them, when viewed with a microſcope, 
| N a third or fourth magnifier to ſee them diſtinctly. 100 

Som of the bits of wire were rough and ſcaly, like burnt 
iron, and were ſwelled in thoſe places where they were begin 
ning to melt. Others continued ſtraight, and of an equable thick - 
neſs; but their outward ſurface. ſeemed to have undergone a 
perfect fuſion, ſo that there were two or more pieces n 
together, as if joined by a thin ſolder. FE 

In the Philoſophical Tranſactions, Dr. Knight * 1 
are two or three relations which ſeem at firſt to favour a cold 
fuſion, but when duly conſidered prove nothing concluſive. . 

Bur that there is really no ſuch thing as cold fuſion, eithet 
has: electricity or lightning, was moſt clearly demonſtrated 'by 
Mr. Kinnerſley, in a- letter to Dr. e dated en 
phia March the 12th. 176. 
Hs ſuſpended a piece of ſmall books. FONG about minke fows 
inches long, with a pound weight at the lower end; and, by 
— through it the charge of a caſe of bottles, containing 
above thirty feet of coated glaſs, he diſcovered what he calls a 
new method of wire drawing. The wire was red hot, the 
whole length well annealed, and above an inch longer than be- 
fore. A ſecond charge melted it ſo that it parted near the mid- 

dle, and meaſured, when the ends were Pat way ther, four 

inches longer than at firſt. 


Tris, experiment, he ſays, Was propoſed to nia VN Dr, 
* Phil Tranſ. Vol. $1. ro. Þ 220 4% 


en 


Prankdin; in order to find whether the - _eauiatty; in palüng | 
through the wire, would ſo relax the coheſion of its conſtituent 
particles, as that the weight might produce a ſeparation ; but 
neither of them tas the leaſt | as that _ heat would be 
81 Tur "oy might FE no doubt of the wire being bor," as. 
well as red, he repeated the experiment on another piece of the 
fame wire, encompaſſed with a goofe quill, filled with looſe 
grains of gun- powder; which took fire, as readily as if it had 
been touched with a red hot poker. Alſo tinder, tied to another 
piece of the wire, kindled by it; but when he tried a wire 
adoys twice as big, he could produce no ſuch effects. 5 
- Hance, ſays he, it appears, that the electric fire, though 
it has no ſenſible heat when in a tate of reſt, will, by its violent 
motion, and the reſiſtance it meets with, produce heat in other 
bodies, when paſſing through them, provided they be ſmall 
enough. A great quantity will paſs through a large wire, 
without producing a any ſenſible heat; when the ſame quantity, 
paſſing through a very ſmall one, being there confined to a nar- 
rower paſſage, the particles crowding cloſer together, and meet- 
ing with C greater reſiſtance, will make it red hot, and even | 

melt it. 5 
Hence, he coeds; that lizhtoing does not melt metal by 

a cold fuſion, as Dr. Franklin and himſelf had formerly ſuppoſed; 
but that, when it paſſed through the blade of a ſword, if the 
quantity was not very great, it might heat the point ſo as to melt 
it, while the broadeſt and the thickeſt part might not be ſenſibly 
warmer than before. 
 Waen trees and houſes are ſet on fire by the dreadful quantity, 
which a cloud, or ſometimes the earth diſcharges, muſt not the 
heat, ſays he, by which the wood is firſt kindled, be generated 


Wi 


. 


tible matter? 


quantity, though ſufficient to kill a large animal, might not be 


a leſs degree of heat than was neceſſary to kindle wood, * 


88 BECCARIA' EXPERIMENTS, | 
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by the eas 8 Nilagt motion eee the rel king | 5 omb c 


bv iv. oft aguouls 
Ix lightaing, hy. its * motion, reduced heat in iefele as 
well as in other bodies (which Mr. Kinnerſley imagined was evi- 


dent from ſome experiments made with his electrical thermome- 


ter, mentioned before) he thought that its ſometimes ſingeing 
the hair of animals killed by it might eaſily. be accounted for; 
and that the reaſon of its not always doing ſo might be, that the 


great enough, or not have met with reſidence aueh to become 
by: its/motion burning hot. ä 111 


W find, ſays he, that dwelling | 8 Rauen with. ügsbe⸗ 


ning, are ſeldom ſet on fire by it; but that when it paſſes 
through barns, with hay or ſtraw i in them, or ſtore houſes con- 


taining large quantities of hemp, or ſuch like matter, they 
ſeldom, if ever, eſcape a conflagration. This, he thought, 
might be owing to ſuch cumbuſtibles being apt to kindle with, 


* 


All that was done by the French and Engliſh eleQricians, 


with reſpe& to lightning and electricity, fell far ſhort of what 


was done by Stemi BrccakIA at Turin. | His - attention to 


the various ſtates of the atmoſphere, his afſiduity i In making ex- 


periments, his apparatus for making them, the extent of his 


views in making them, the minute exaQneſs with which he has 
recorded them, and his Judgment in applying them to a general 
5 theory, far exceeded every thing that had been done by Pay 
1 loſophers before him, or that has been done by any Per. ſon 


ſince. And though I ſhall; give conſiderable ſcope to my ac- 
count 5 yt Fpodiwents and obſervations, I ſhall be able to give 
| "SPA, Tra Vol 5n . 5 be . 
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my feader but a faint idea of the extent, variety, and value 16 
his labours in this great field. RY 

- Hz made uſe both of Es and pointed rods, and of a great 
variety of both, at the ſame time, and 1 in different places. Some 
of the ſtrings of his kites had wires in them, and others had 
none. Serge of them flew to a prodigious height, and others 
but low ; 3 and he had a great number of aſſiſtants to note the 
nature, time, and degree of ee according as * views 

required. 

To keep his kites conſtantly inſulated, and at the ſame time 
to give them more or leſs ſtring, and for many other purpoſes, 
he had the ſtring rolled upon a reel, which was ſupported by pil- 
lars of glaſs ; and his conductor had a communication with the 
axis of the reel. L“ | | 

To diſtinguiſh the poſitive ad nogative- Nate of the * 
when the electricity was vigorous, with more certainty, and 
with more ſafety than it could be done by preſenting an excited 
ſtick of glaſs, or ſealing wax to threads diverging from his con- 
ductor; he incloſed a pointed wire and a flat piece of lead op- 
poſite to it within a cylindrical glaſs veſſel, wrapped in paſte- 
board, ſo that the infide could have no communication with 
the external light. Into this cover, and oppolite to the point 
of the wire, he inſerted a very long tube of paſteboard ; through 
which he could look from a conſiderable diſtance, and ſee the 
form of the electric light at the end of the wire; Which is the 
ſureſt indication of its quality. + | 

From Signior Beccaria's extremely exact and ne 


account of the external appearances of thunder clouds, which 
he amn to his obſervations on their Probable cauſes, I * 


» Lettere dell cletuiciſno, P- 112. t Ib. p. toy. 1 
2 dtar- 


1 
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draw a n outline of the moſt remarkable Petals in Uk 

uſual progreſs of a thunder ſtorm. h 

Tux firſt appearance of a thunder form (which en 
aged when there is little or no wind) is one denſe cloud,: or 
"mote, increaſing very faſt in ſize, and riſing into the higher 
regions of the air. The lower ſurface is black, and nearly level; 
but the upper finely arched, and well defined. Many of theſe 
clouds often ſeem piled one upon another, all arched in the ſame 
manner; but they keep N den e and ex- 
tending their arches. 4 

Ax the time of the riſing of. this clond, the . is 
generally full of a great number of ſeparate clouds, motionleſs, 
and of odd and whimſical ſhapes. All theſe, upon the appear 
ance of Pn thunder cloud, draw towards it, and become more 
uniform in their ſhapes as they approach; till, coming very 
near the thunder cloud, their limbs mutually ſtretch towards 
one another; they immediately, coaleſce, and together make 
one uniform maſs. Theſe he calls adſcititiaus clouds, from their 
coming in, to enlarge the ſize of the thunder cloud. But, 
ſometimes, the thunder cloud will ſwell, and increaſe very faſt 
without the conjunction of any adſcititious clouds, the vapours 
in the atmofphere forming themſelyes into clouds wherever it 
paſies, Some of the adſcititious clouds appear like white fringes, 
at the ſkirts of the thunder cloud, or under the body of it, but 
they keep continually growing e and e as wind ap 
proach to unite with it. 
 Wurn the thunder cloud is grown to a great Gags its. n 
ſurface is often ragged, particular parts being detached towards 
the earth, but ſtill connected with the reſt. Sometimes the low- 
er ſurface ſwells into various large protuberances bending uni- 
formly towards the earth. And ſometimes one whole fide 
of the cloud will have an inclination to the earth, and the extre- 


mity 
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s mity of it will nearly touch the earth. * When the eye is under 
the thunder cloud, after it is grown large, and well formed, it 
is ſeen to fink lower, and to darken prodigiouſly ; at the ſims 
time that a number of ſmall adſcititious clouds (the otigin of 
which can never be perceived) are ſeen in a rapid motion, driving 


are agitated with the moſt rapid motions, the rain generally falls 
in the greateſt plenty, and i the agitation be ee, great, 
it commonly hails. + 
Wir the thunder clond is ſwelling, ws extending its 
branches over a large tract of country, the lightning is ſeen 
to dart from one part of it to another, and often to illuminate 
its whole maſs. When the cloud has acquired a ſufficient ex- 


tent, the lightning ſtrikes between the cloud and the earth, in 


two oppoſite places, the path of the lightning lying through the 
| whole body of the cloud and its branches. The longer this 
Hightnin 80 continues, the rarer does the cloud grow, and the leſs 
dark is its appearance ; till, at length, it breaks in different 
places, and ſhows a clear ſky. When the thunder cloud is thus 
dif) perſed, thoſe parts. which occupy the upper regions of the 


atmoſphere are equally ſpread, and very thin ; and thoſe that 


are underneath are black, but thin too and they vaniſh gradu- 


ally, without being driven away by any wind. f | 

N AVING ſeen what this philoſopher obſerved abroad, and i in 
the * air, let us ſee what he took notice of at his apparatus with- 
in doors. This never failed to be electrified upon every ap- 
proach of a thunder cloud, or any of its branches; and the ſtream 


of fire from it was generally perpetual, vals it was directly 
| over the apparatus. 8 


ä ® Lettere dell? clettriciſmo, p. 161. 4 Is. 155. 11. p. 14 176. I. 1G. 8 
e co Tt 2 won e 


bout in very uncertain directions under it. While theſe clouds 
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Tuar . nh were ſometimes. in a ** as n as 
negative ſtate. of electrieity, Signior Beccaria had diſeovered, 
before he beard of its having been obſerved by Dr. Franklin, 
or any other perſon. * The ſame cloud, in paſſing over his 
obſervatory, | electriſied his apparatus, ſometimes. poſitively, and 
ſometimes. negatively. . The electri WA aj tov by mio 
the ſame. kind, in proportion as the i 
and uniform in its direction; but ee the, lighta ing changed 
its place, there commonly happened a change in the electricity 
of his apparatus. It enn ſuddenly after a very nt | 
flaſh of ligh 


lightning was moderate, and the progres of the thunder, cloud 
Saws ons 546 


— 


4 # 


Ir was an — inference. from his obſervations of the | 


* ee 4 matter, in an * Sacks. * pak ig is almoſt i in- | 
conceivably great ; confidering how many pointed. bodies, - as 
trees, ſpires, &c. are perpetually drawing it off, and what's | 
prodigious quantity is en. ee to, or 0m: the 
earth. 4 CS 
Mo. AFTER. — * „ view of appea nces, 1 ſhall, in. "the 
ſame ſucein&t manner, repreſent the manner in which this ex- 
cellent philoſopher accounts for them, and ſome other principal | 
and well known phenomena of thunder ſtorms. 
\Cons1DERING the vaſt quantity of electric fire. that appears in 
the moſt ſimple thunder ſtorms, he thinks! it impoſſible that any 
cloud, or number of clouds ſhould « ever contain it. all, ſo as Either 
to diſcharge or receive it, Beſides, during the progreſs and. in- 
creaſe of the ſtorm, though the lightning frequently ſtruck to 
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the, 1 the fame Ae were the next r omer 

a ſtill greater diſcharge, and his apparatus continued to ame 
much affected as ever. The clouds muſt,, conſequently, have 
received at one place, the moment that a diſcharge was made 
from them i in another. In many caſes, the electricity of his 


ſequen ly of. the clouds, would. ee 


charge, or reer wy 
Both muff have taken place in a very quick ſucceſſion. N i 

Tur extent of the clouds doth not leſſen this difficulty; for, 
be it ever ſo great, ſtill the quantity, ought t to be leflened by 0 
diſcharge: and, beſides, the points, by which the ſilk t diſ- 
charges are made, are in proportion to the extent of the N rekirhi + 
Nor is the difficulty leſſened by ſuppoſin g. that. freſh clouds bring 
recruits ; for beſides that the c clouds are not. ripe, for the princi- 
pal ſtorm, till all the clouds, to A; great diſtance, haye actually 
coaleſced, and formed one uniform maſs, thoſe recruits bear no 
ſort of proportion to the Aüſcherge and whatever it was, it e 
ſoon be exhauſted. | 07 

Tux fact, e muſt a that the. leg matter is con- 
wall darting from the clouds in one place, at the ſame time 
that it is diſcharged from the earth in another. And it is a ne- 
ceſſary conſequence from the whole, that the clouds ſerve as con 
ductors to convey the electric fluid from, thoſe places of the earth 
which arg. overloaded. with i Bee to, tho: which are nee 5 
ell e Bug 4 03/41 2 L 21 13V % 

To aſcertain this fact i in the walk -omplete. mani er, tha prov: 
poſes that two obſervatories be fixed, about two leagues aſunder. 
in the uſual path of the thunder clouds; and that obſervations be 


lauer dl | > eletriciſmo, p. 183. 19 $ Ib. P. 220. 220. 1 Ibn 188. 416. P. 2 
I} Filtt | | made, 


cannot. be. — for by any ſimple diſel 


— tc. ac, EA Cv Bet . 


grest quantities of fand, 
have often been carri 
over a large tract of country. + No other known efficient cauſe 
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cular parts of che batch, and riſe through the air, into the 
regions of the atmoſphere, he thinks is evident from th 


£7 


4 up into the air, and ſcattered vniformly 


of this phenomenon. can be affigned, except the wind; and it has 


been obſerved when there was no wind Arn and the light 


Ot dies have even been carried againſt the wind. Fle ſuppoſes, 
terefore, that theſe light odies are Taifed by alarge quantity of 
abi matter, i iſſuing out of the earth, where it was overcharged 


with it, and (by that property of it which he had demonſtrated) 


. 


g. and carrying with it every ſubſtance that could ſerye as 
à conductor in its paſſage.” All theſe bo, lies, being poſſeſſed of 
an equal quantity of the electric fluid, will be diſperſed equally in 
the air, and conſequently over that part of the cl where the fluid 
was wanting, and whither they ſerve to convey it. | Had theſe 


bodies been raiſed by the wi ind, p they would have —_ diſperſed 


at random, and in heaps. oo e | 
Tuts comparatively rare phenomenon (but of which e had 
been more than once a ſpectator) he thinks exhibits both a perfect 


image, and demonſtration, of the manner in which the vapours 


of the atmoſphere are raiſed to form thunder clouds. The ſame . 


electric matter, wherever it iflues, attracts to it, and carries up 


into the higher regions of the air, the watery particles chat are 
diſperſed in the atmoſphere. The electric matter aſcends to the 
higher tegions of the atmoſphere, being ſolicited by the Teſs fe- 


*.Lettcre dell ellettriciſmo, p. 194. 1. Ib. p p. 199. 1 w. p. p. 445. 5. 5 p. 202. 
—_— diſtance, 
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which, at thoſe times, is generally very dry, and conſequently 
highly electric. The uniformity with which thunder clouds ſpread 
themſelves, and ſwell into arehes, muſt be owing to their being 
affected by ſome cauſe which, like the electric matter, diffuſes 
itſelf uniformly: wherever it acts, and to the reſiſtance they meet 
with in aſcending through the air. * As a proof of this, ſteam, 
riſing from an electriſied eolipile, diffuſes itſelf with the ſame uni- 
formity, and in ſimilar arches, extradin; 81 RE an Aae con- 
. ſubſtance. Tr 
Tux ſame cauſe which firſt raiſed} a chem; Rank vows dif 
perſed in the atmoſphere, draws to it thoſe that are already form- 
ed, and continues to form new ones; till the whole collected 
maſs extends ſo far as to reach a part of the earth where there is 
a deficiency of the electric fluid. Thither too, will thoſe clouds, 
replete with electricity, be ſtrongly attracted, and there will the 
electric matter diſcharge itſelf upon the earth. A channel of | 
communication being, in this manner, found, a freſh ſupply of 
electric matter will be raiſed from the overloaded part, and will 
continue to be conveyed by the medium of the clouds, till the 
equilibrium of the fluid between the two places of the earth be 
reſtored. When the clouds are attracted in their paſſage by thoſe 
parts of the earth where there is a deficiency of the fluid, thoſe 
detached fragments are formed, and alſo thoſe. uniform depend 
ing protuberances, which will de ſhown to be, in an ww, 
the cauſe of water-ſpouts, and hurricanes. E 
Tnar the electric matter, which forms and aohwates the 
thunder clouds, iſſues from places far below the ſurface of the 
earth, and that it buries itſelf there, is aohebie from the deep . 


Ib. p. 205 + Ib. p. 206. ns Ib. p. 20- 41-0 Md; cc 
holes 
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holes that have, in many places, been made 17 lightning. “ 


Flaſhes of liphening ke, -alfo, been ſeen to ariſe from ſubter- 
'raneous cavities, ' and from wells. + Violent inundations have 
accompanied: thunder ſtorms, not - occaſioned. by rain, but by 
water burſting from the bowels of the earth, from which it 
muſt have been eee by ſome internal concuſſion. Deep 
wells have been known to fill faſter in thunder ſtorms, | and 
—— n woo at um ne of moot 
An ear 
Tuts very riſe, as pI as ths whole win of aber 
clouds, has ſometimes been, in a manner, viſible. E,xhalati- 
ons have been frequently ſeen to riſe from particular caverns, 
attended with a rumbling noiſe, and to aſcend into the higher 
regions of the air, with all the phenomena of thunder ſtorms 
deſcribed above, according to the deſcription of perſons who 
lived long before the connection ra nnen and SIN” 
ning was ſuſpected. 00 
TRE greateſt difficulty 8 this 83 of the: origin of 
thunder ftorms relates to the collection, and inſulation of elec- 
tric matter within the body of the earth. With reſpect to the 
former, he has nothing particular to ſay. Some operations in 
nature are certainly attended with a loſs of the equilibrium in the 
electric fluid, but no perſon has yet aſſigned a more probable 
cauſe of the redundaney of the electric matter which, in fact, 
often abounds in the clouds, than what we may ſuppoſe poſſible 
to take place in the bowels of the earth. And ſuppoſing the 
loſs of the equilibrium poſſible, the ſame cauſe that produced 
the effect would provent the coloring of it; g that not being 


Lettere dell eleruiciſin, p. 227. f Ib b. E. f W. p. 233, 1 w. p. 360. 
$ Ib. p. 231. 
N able 
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Able to ſotce a way, at leaſt one ſufficiently ready, through the 
body of the earth, it would iſſue at the moſt convenient vent 
into the higher regions of the air, as the better paſſage. His 
electrical apparatus, though communicating with the earth, bas 
3 in . ane e . ee, nen 

ratic * het effects bchumdevi orms, | be ob- 


Howe that — — e blows from the place from which the 
thunder cloud proceeds; that this is agreeable to the obſervati- 


ons of all mariners, and that the wind ĩs more ar leſs: violent in 
proportion to the ſaddenneſs of the appearance of the nem 
cloud, the rapidity of its. expanſion, and the velocity with 
which the adſcititious clouds join it. The ſudden condenſation 
of ſuch a prodigious n of e, 1 e 1 air, 
Apel t en b nell M 

.. Hs, in ſome meaſure, wes this effect He gar 
leaſt produced a circulation. of all the air Jen n be the 1 
continued electrĩfication of his chain. R f 

Ao other effects of lightning, Ber mentions -chid dads of a 
man rendered exceeding ſtiff, preſently after he was ſtruck dead 
in a ſtorm of thunder. But the moſt remarkable circumſtance, 
in this caſe, was the lightning (chuſing the beſt conductor) 
baving ſtruck one particular vein, near his neck, and followed 
it through its minuteſt ramifications ; ſo; that the figure of it 
; peared N the ne A than . noe could Ines 

ing cautions. perſons. m not ita: . Vale upon 1 ad 
of a higher, or, in all caſes, a better conductor than their own- 
dodge! 10 lacs cording to his _— obſervations, the to th 
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8 3 — deſcends in one undivided track but godies 
„ of various kinds conduct their ſhare of it, at the 3 time, in 
I pitporetononhely quantity and conducting power. a 
A Gn number of obſervations, relating to the deſcent of 
lightning, confirm his theory of the manner of its aſcent: for, 
| "ES in many caſes, it throws before it the parts of conducting bodies, 
1 and —ů n mo which it 
1 muſt force its paſſage. T le 5 
- Urex this principle it is, chat 'the! abs of 3 
Sbmdche made, by its forcing into its way part of the vapour 
in the air. I One of the principal reaſons. why thoſe: flaſhes: 
make ſo long a rumbling, is their being occaſioned by the vaſt 
length of a vacuum, made by the paſſage of che Aris matter. 
For though the air collapſes the moment after it has paſſed, and 
the vibration (on which the ſound depends) commences at the 
ſame moment, through the whole length of the track; yet, if 
the flaſh was directed towards the perſon who hears the report, the 
vibrations excited at the nearer end of the track will reach his 
ear much ſooner than thoſe excited at the more remote end ; 
and the ſound will, without any repercuſſion or echo, continue 
till all the vibrations have ſucceffively reached him. Li 
I Mus. introduce in this place a very curious | experiment 
. ang; obſervation-.of Mr. Lullin, concerning the production of 
electricity in the clouds. He made a long inſulated pole project 
om the. fide of one of the Alps; and, on the 29th. of June 
1766, obſerved, that ho. ſmall clouds of vapour, raiſed by 
the heat of the ſun, raſe near the foot of the mountain, and 


; << * 


* Let el lyric, . 63S 247 - 1 m. p. 585. 1 W. 5. 292. 
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ſequently part of the hill on which it ſtood, was likewiſe in- 
volved, it was not electrified. From this he concludes; that the 
electricity of the clouds is produced by their paſſing through the 
air while the ſun ſhines upon them. But to which of theſe two 
circumſtances, namely the motion ARNE e the air, - or the ac- 
tion of the ſun's rays this was owing he could not determine, | 
though he made ſeveral experiments for thee purpoſe. _ 

Ox of the moſt remarkable effects of lightning is that it 
gives polarity to the magnetic needle, and to all bodies that have 
any thing of iron in them, as bricks, &c; and by obſerving which 
way the poles of theſe bodies lye, it may be known, with the 
utmoſt certainty, in what direction the ſtroxe paſſed. + Ia one 
Cafe he n aſcertained the direction of the euer in this 


manner. 3 10 
Since a ſudden firoke of lightning gives polarity to magnets, 

he conjectures that a regular and conſtant circulation of the 
whole maſs of the fluid, from North to South, may be the 
original cauſe of magnetiſm in general. This is a truly great 
thought; and, if juſt; will introduce greater r into out 
conceptions of the laws of nature. | 
Tua this etherial current is inſenſible to us, is no proof of 
its non-exiſtence, ſince we ourſelves are involved in it. He 
had feen birds fly fo near a thunder cloud, as he was ſure they 
would not have Aae if Ne had been affected 1 f its atmoſ- 
x phere. * e hf | | 1 
TuIs current he would r not ſuppoſe to atife from one ſource, 
: but from ſeveral, in' the northern hemiſphere of the earth. 
The weeds: the common center of all theſe currents from 


* Dillertatio phys p. 42, 7 Lettere dell ellettriciſms; p. 262. I Ib. p. 263. | 
| U Ib. p. 268. - Ib. ; | 
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the North point may be the cauſe of the variation of the needle, 
the petiod of this declination of the center of the currents may 
be the period of the variation, and the obliquity with which 
the currents ſtrike into the earth may be the cauſe of the dip- 
ping of the needle, and alſo why bars of i iron more eaſily receive 
the magnetic virtue in one particular direction? 

He thinks that the Aurvra Borealis may be this 3 mat- 
ter performing its circulation, in ſuch a ſtate of the atmoſphere 
as renders it viſible, or approaching nearer to the earth than 
uſual. Accordingly very vivid appearances of this kind have 
been obſerved to occaſion a fluctuation in the magnetic needle. + 

'SToNEs and -bricks ſtruck by lightning, are often vitrified. 
He ſuppoſes that ſome ſtones in the earth, having been ſtruck 
in this manner, firſt gave occaſion to the vulgar n of the 
thunder bolt e 

- S1GNIOR, BECCARIA was very ſenſible that —— contributes 
et to the phenomena of thunder, lightning, and rain; but 
he could not find, by any experiment, that it tended to promote 
electricity. He, therefore, rather thought that heat operated, 
in this caſe, by exhaling the moiſture of the air, and thereby 
cutting off the communication of the electric fluid between one 
place and another, particularly between the earth and the high- 
er regions of the air, whereby its effects were more viſible, || 
. Havine entertained my reader with the obſervations of this 
great Italian genius, I muſt once more conduct him to France, 
where he will ſee ſeveral experiments well worth his notice. In 
this country we have ſeen that Dr. Franklin's theory of the iden- 
tity of electricity and the matter of lightning as firſt veridied, 


Lats dell eletricifing, p- 26g · t Ib, p. aa. 1 Ib. p. 5 | Ib. p. 389. 
"and 
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and we mall now ſee it verified 1 in the grandeſt and moſt conſpi- 
cuous manner. 8 

Tux greateſt quantity of dedirieity that was ever brought from 
the clouds, by any apparatus prepared for that , purpoſe, was by 
Mr. De Romas, aſſeſſor to the preſideal of Nerac. This gentle- 
man was the firſt who made uſe of a wire interwoven in the hemp- 
en cord of an electrical kite, which he made ſeven feet and a half 
high, and three feet wide, ſo as to have eighteen ſquare feet of 
ſurface. This cord was found to conduct the electricity of the 
clouds more powerfully than an hempen cord would do, even 


though it was wetted ; and, being terminated by a cord of dry ſilk 


it enabled the obſerver (by a proper management of his appara- 
tus) to make whatever experiments he thought proper, without 
danger to himſelf, 

By the help of this kite, on the 7th. of June 17 532 about one 
in the afternoon, when it was raiſed 5 50 feet from the ground, 
and had taken 780 feet of ſtring, making an angle of near forty 
five degrees with the horizon; he drew ſparks from his conduct- 
or three inches long and a quarter of an inch thick, the ſnapping 
of which was heard about 200 paces. Whilſt he was taking theſe 


ſparks, he felt, as it were, a cobweb on his face, though he was 


above three feet from the ſtring of the kite; after which he did 
not think it ſafe to ſtand ſo near, and called aloud to all the com- 
pany 5 retire, as he did himſelf about two feet. | 
TINEKING himſelf now ſecure enough, and not being incom- 
moded by any body very near him, he took notice of what pail- 
ed among the clouds which were immediately over the kite ; but 
could perccive no lightning, either there, or any where clic, nor 
ſcarce the leaſt noiſe of thunder, and there was no rain at all. The 
wind was Welt, and pretty ſtrong, which raiſed the kite 100 feet 

higher, at leaſt, than in the other experiments. 
Ar TERWARDS, 
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een tian, caſting his eyes on the tin tube, which was 
faſtened to the ſtring of the kite, and about three feet from the 
ground, he ſaw three ſtraws, one of which was about one foot 
long, a ſecond four or five inches, and the third three or four 
inches, all ſtanding ere&, and performing a circular dance, like 
puppets, under the tin tube, without touching one another. 
Tris little ſpectacle, which much delighted ſeveral of the 
company, laſted about a quarter of an hour ; after which, ſome 

drops of rain falling, he again perceived the ſenſation of the cob- 
web on his face, and at the ſame time heard a continual ruſtling 

noiſe, like that of a ſmall forge bellows, This was a further 
warning of the increaſe of electricity ; and from the firſt inſtant 
that Mr. De Romas perceived the dancing ſtraws, he thought it 
not adviſable to take any more fparks even with all his precauti- 
ons; and he again intreated the company to ſpread themſelves to 
a {till greater diſtance. 

IMMEDIATELY after this came on the laſt act of the entertaine | 
ment, which Mr. De Romas acknowledged made him tremble. 
The longeſt ſtraw was attracted by the tin tube, upon which fol- 
lowed three exploſions, the noiſe of which greatly reſembled that 
of thunder. Some of the company compared. it to the explo- 
fion of rockets, and others to the violent craſhing of large earth- 
en jars againſt a pavement. It is certain that it was heard into 
the heart of the city, notwithſtanding the various noiſes there. 
Tur fire that was ſeen at the inſtant of the exploſion had the 
| ſhape of a ſpindle eight inches long and five lines in diameter. 
But the moſt aſtoniſhing and diverting circumſtance was produ- 
ced by the ſtraw, which had occaſioned the exploſion, - following 
the ſtring of the kite, Some of the company ſaw it at forty five 

or fifty fathoms diſtance, attracted and repelled alternately, 


with this remarkable circumſtance, that every time it was at- 
| tracted 
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tracted by the firing; flaſhes: of fire were ſeen, and cracks were 
heard, ee not ſo loud as at the time of * former 
On. 1 
r! is remarkable, an 25 tha time of the eden to ie 
end of the experiments, no lightning at all was ſeen, nor ſcarce 
any thunder heard. A ſmell of ſulphur was perceived, much 
like that of the luminous electric effluvia iſſuing out of the end 
of an electrifſied bar of metal. Round the ſtring appeared a 
luminous cylinder of light, three or four inches in diameter ; 
and this being in the day time Mr. De Romas did not queſtion 
but that, if it had been in the night, that electric atmoſphere 
would have appeared to be four or five feet in diameter. Laſtly, 
after the experiments were over, a hole was diſcovered in the 
ground, perpendicularly under the tin tube, an inch deep, and 
half an inch wide, which was probably made by the large flaſhes. 
that accompanied the exploſions. 
Ax end was put to theſe remarkable experiments we the 
falling of the kite, the wind being ſhifted into the Eaſt, and 
rain mixed with hail coming on in great plenty. Whilſt the 
kite was falling, the ſtring came foul of a penthouſe; and it 
was no ſooner diſengaged, than the perſon who held it felt ſuch 
a ſtroke in his hands, and ſuch a commotion through his whole 
body, as obliged him inſtantly to let it go; and the firing, 
falling on the feet of ſome other perſons, gave them a hock. 
alſo, though much more tolerable. * ; 
Tux quantity of electric matter brought by this-kite- from the - 
clouds at another time is really aſtoniſhing, On the 26th; of 
Auguſt 1756,. the ſtreams of fire iſſuing from it were obſerved 
10 be an inch thick, and ten feet long. This amazing ach of. - 


1 - Gent. Magaz. far Auguſt 1756, p. 378. 
| - 
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_ lightning, the effect of which on building or animal bodies, 
would perhaps have been equally deſtructive with any that are 
mentioned in hiſtory, was ſafely conducted by the cord of the 
kite to a non- electric 80 placed near has and * ebe Was 
W nn to that of a ß of: nb; 1 2 
- Mx. Romas: had the curioſity: to hive a pigeon in a cage of 
glaſs, in a little edifice, which he had purpoſely placed, ſo as 
that it ſhould be demoliſhed by the lightning brought down. by 
his kite. The edifice Was, accordingly, ſhattered to ene 
but the cage and the pigeon were not ſtrucx. sx | 
Tur Abbe Nollet, who gives this account, adds, chit if a 
ſtroke of this kind had gone through the body of Mr. De Romas, 
the unfortunate profeſſor Richman had not probably been the 
only martyr. to electricity, and adviſes, that great caution be 
uſed in conducting ſuch dangerous experiments. - 
Wu we confider how many ſevere ſhocks the moſt Ae 
and judicious electricians often receive through inadvertence, 
we ſhall not be ſürpriſed, that when philoſophers firſt began 
to collect and make experiments upon real lightning, it ſhould 
ſometimes have proved a little untractable in their hands, and 
that they were obliged to sive one another frequent cautions 
how to proceed with it. 
Tux Abbe Nollet, as early as the: year 17 525 adviſes that theſs 
experiments be made with circumſpeCtion ; as he had been in- 
formed, by letters from Florence and Bologna, that thoſe who 
had made them there bad had their curioſity more than ſatisfied 
by the violent ſhocks they had ſuſtained in drawing ſparks from 
an iron bar electrified by thunder. One of his correſpondents 
informed him, that once, as he was endeaypuring to n a 


ks Nollet's Letters, Vol. 2 2. P-239- + Phil. Tranſ, Vol. 52. pt. 1 F. 342. 
1 8 ſmall 


Imell chain, with a copper ball at one of its extremities, to a 


great chain, which communicated with the bar at the top of the 
building (in order to draw off the electric ſparks by? means of the 
oſeillations of this ball) there came a flaſh of lightning, which 


wild fire. At that inſtant,. the electricity communicated itſelf 

to the chain of the copper ball, and gave the obſerver ſo violent 
a commotion, that the ball fell out of his hands, and he was 

ruck backwards four or five paces. He had never been ſo much 

ſhocked by the experiment of Leyden. * 

Mx. Romas received a ſevere ſtroke when ke gut raiſed his 


kite: and Mr. Dalibard ſays, that Mr. Monnier, a phyſician of 


St. Germain en Laye, member of the academy of ſciences at 
Paris; and Mr. Bertier of the oratory at Montmorency, a correſ» 
pondent of the academy, were both ſtruck down by ſtrokes of 
lightning, as they were taking ſparks from their apparatus. + 
Bur the greateſt ſufferer by experiments with lightning, ſince 
mankind have introduced fo dangerous a ſubject of their inqui- 
ries, was profeſſor Richman of Peterſburgh before mentioned. 
He was ſtruck dead, on the 6th. of Auguſt 1753, by a flaſh of 
lightning drawn by his apparatus into his own room, as: he was 
attending to an experiment he was making with it. There were 
two accounts of this fatal accident communicated to the Royal 
Society, one by Dr. Watſon who had it from the beſt authori- 


ty; | and che other tranſlated from the High Dutch. . From 


both theſe the following is extracted. 
Tux profeſſor had provided himſelf with an mane which 


he called an electrical gnomon, the uſe of which was to meaſure. 
the ſtrength of e It conſiſted of a rod of metal termi- 


i . * Phil. Tran. vol. 48. pt. 1. p. 205. 1 Dalibard's Franklin, Vol. 2. Pe 1290 
15 Tranſ. Vol. 48. pt. 2. p. 766. IIb. Vol. 49. Pt. 1. P. 61. 


X x - nating 


He did not ſee, but which affected the chain with a noiſe like 
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nating in a ſmall glaſs veſſel, into which (for what reaſon I do 
not know) he put ſome braſs filings. At the top of this rod, a 
thread was faſtened, which hung down by the ſide of the rod 
when it was not electrified; but when it was, it ayoided the rod, 
and ſtood at a diſtance from it, making an angle at the place 
where it was faſtened. To meaſure this angle, he bad the arch 
of a quadrant faſtened to the bottom of the iron rod. 81116 
; He was obſerving the effect of the electricity of the ids at. 
the approach of a thunder ſtorm, upon this gnomon; and, of 
courſe, ſtanding with his head inclined towards it, accompanied 
by Mr. Solokow (an engraver, whom he frequently took with 
him, to be a joint obſerver of his electrical experiments, in order 
to repreſent them the better in cuts) when this gentleman, Who 
was ſtanding cloſe to his elbow, obſerved a globe of blue fire, as 
he called it, as big as his fiſt, jump from the rod of the gnomon 
towards the head of the profeſſor, which was, at that inſtant, 
at about a foot diſtance from the rod. This flaſh killed Mr. 
Richman, but Mr. Solokow could give no account of the parti- 
cular manner in which he was immediately affected by it: fot, at 
the ſame time that the profeſſor was ſtruck, there aroſe a ſort of 
ſteam, or vapour, which intirely benumbed him, and made him 
1 fink down upon the ground; ſo that he could not remember 
* 5 even to have heard the clap of thunder, which was very loud. 
1 Tux globe of fire was attended with a report as loud as that 
of a piſtal: a wire, which brought the electricity to his metal 
rod, was broken to pieces, and its fragments thrown upon Mr. 
Solokow's cloaths. Half of the glaſs veſſel in which the rod of the 
gnomon ſtood was broken off, and the Klint of; ms that were 
in it were thrown about the room. 
| | Deo examining the effects of the lightning i in che profeſſor 8 
cen they found the door caſe half ſplit through, the door 


torn 


> 
3 
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tofn off, and theown: into the room. 4 They opened a a vein of 
the breathleſs body twice, but no blood followed, and endea- 
voured to recover ſenſation by violent chafing, but in vain. Up- 
on turning the corps with the face downwards, during the rub- 
bing, an inconſiderable quantity of blood ran out of the mouth. 
There appeared a red ſpot on the forehead, from which ſpirted 
ſome ns of blood through the pores, without wounding the 


ſkin The ſhoe belonging to the left foot was burſt open, and, 


ee the foot at that place, they found a blue mark; 
from which it was concluded, that the electrical force of the 
thunder, having entered the head, made its way out again at 
that foot. 


Uron the body, detniciteily on the left fide, were ſeveral 
red and blue ſpots, reſembling leather ſhrunk by being burnt. 
Many more blue ſpots were afterwards viſible over the whole 
body, and in particular over the back. That upon the fore- 
head changed to a browniſh red, but the hair of the head was 


not ſinged, notwithſtanding the ſpot touched ſome of it. In 


the place where the ſhoe was unripped, the ſtocking was intire ; 
as was the coat every where, the waiſtcoat only being ſinged on 
the foreflap, where it joined the hinder ; but there appeared on 
the back of Mr. Solokow's coat long narrow ſtreaks, as if red 


hot wires had burned off the nap, and which could not be 


well accounted for. 


Wurm the body was opened the next day, twenty four hours 
after he was ſtruck, the cranium was very intire, having no 


fiſſure, nor croſs opening; the brain as ſound as it poſſibly 


could be, but the tranſparent pellicles of the windpipe were 


exceſſively tender, gave way, and eaſily rent. There was ſome 


® Phil, Tranſ. Vol. 48. pt. 2. p. 763. 
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dees blood in it, as likewiſe in the cavities below the 


lungs; thoſe of the breaſt being quite ſound, but thoſe towards 
the back of a browniſh black colour, and filled with more of the 


above - mentioned blood: otherwiſe, none of the entrails were 
touched; but the throat, the glands, and the thin inteſtines 
were all inflamed. The finged leather-coloured ſpots penetrated 
the ſkin only. Twice twenty four hours being elapſed, the 


body was ſo far corrupted. that it was with difficulty 1 e it 
into a coffin. ed 


® Phil. Tranf, Vol, 49. Pt. 1. p. 6. 
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Se e on THE GENERAL STATE OP ELECTRICITY 
"ml THE ATMOSPHERE, AND ITS MORE USUAL EFFECTS, 


\ LECTRICIANS, after obſerving the great quantity of 


F thunder ſtorm, began to attend to the leſſer quantities of it 
which might be contained in the common ſtate of the atmoſ- 
phere, and the more uſual effects of this great and general agent 
in nature. Mr. Monnier, whoſe obſervations of the electricity 
of the air during a thunder ſtorm have been already mentioned, 
was the firſt who found that there was very often, and perhaps 
always, a quantity of electric matter in the atmoſphere, when 
there was no appearance of thunder. This he confirmed by de- 
ciſive experiments, made at St. Germain en Laye, and publiſhed 
in a memoir read at the W Academy of ſciences at Paris 
November the 1 5th. 1752. * 


Bur more accurate experiments upon the dedtricity of the 


air were made by the Abbe. Mazeas, at Chateau. de Maintenon, 


Phil. Tranſ. Vol. 48. pt. 1. p. 203. | dur 
. | IT _ curing 


electric matter with which the clouds are charged during | 
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during the months of June, July, and October 1753, and com- 
municated to the Royal Society, i in a e to Dr. Stephen 


Hales. 


Tux Abbe's apparatus conſiſted of an iron rod 370 feet long, 


raiſed ninety feet above the horizon. It came down from a very 
high room in the caſtle, where it was faſtened to a filken cord 


fix feet long; and was carried from thence to the ſteeple 
of the town, where it was likewiſe faſtened to another filken 
cord of eight feet long, and ſheltered from rain. And a large 
key was ſuſpended, by the end of this wire, in n order to receive 
the electric fluid. 

Ox the 17th. of June, when ho began his experiments, the 


electricity of the air was ſenſibly felt every day, from ſun riſe 


till ſeven or eight i in the evening, except in moiſt weather, when 
he could perceive no ſigns of electricity. In dry weather, the 
wire attracted minute bodies at no greater diſtance than three 
or four lines. He repeated the experiment carefully e every day, 
and conſtantly obſerved, that, in weather void of ſtorms, the 
electricity of a piece of ſcaling wax of two inches long was above 
twice as ſtrong as that of the air. This obſervation inclined 


him to conclude, that in weather of equal drineſs the electri- 


city of the air was always equal. | 

Ir did not appear to him that hurricanes and tempeſts increaſ- 
ed the electricity of the air, when they were not accompanied 
with thunder; for that, during three days of a very violent con- 


tinual wind, in the month of July, he was obliged to put ſome 


duſt within four or five lines of the conductor, before any ſen- 
fible attraction could be perceived. 

Tux direction of the winds, whether Eaſt, Weſt, North, 
or South, made no ſenſible alteration in the electricity of the air, 
except when they were moiſt. 


In 
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I the drieſt nights of that ſummer, he could diſcover no 


ſigns of electricity in the air; but it returned in the morning 


when the ſun began to appear above the horizon, and vaniſhed 


=> in the evening, about half an hour after ſun ſet. 


Tux ſtrongeſt common electricity of the atmoſphere, during 


50 ſummer, was perceived in the month of July, on a very 


dry day, the heavens being very clear, and the ſun extremely 


hot. The diſtance of ten or twelve lines was then ſufficient for 
the approach of the duſt to the conductor, in order to ſee the 


particles riſe in a vertical direction, like the —_ of iron on 


the approach of a magnet. 155 0 

Oy the 27th. of June, at two in the Afternoon, he perveticd 
ſome ſtormy clouds riſing above the horizon, and immediately. 
went up to his apparatus; and, having applied the duſt to the 


key, it was attracted with a force which increaſed in proportion 
as the clouds reached the zenith. When they had come nearly 


over the wire, the duſt was ſo impetuouſly repelled, as to be en- 
tirely ſcattered from the paper. He drew conſiderable ſparks 
from it, though there was neither thunder nor lightning. When 
the ſtormy clouds were in the zenith of his wire, | he' obſerved 
that the electricity was inereaſed to ſuch a degree, that even the 


ſilken thread attracted light bodies at the diſtance of ſeven \ 


eight inches. 
TI HESE ſtormy clouds remained aber two hours ore ths ho- 
rizon, Without either thunder or lightning; 3 nor did a very heavy 


rain diminiſh the electricity, e except about the end, en the 


clouds began to be diſſipated. * 
MR. KINNERSLEY obſerved, that when the air was in its dri- 


elt ſtate, there Was always a conſiderable ſhare of 41 es in 


3 LRU. . 1 49} 13 TE RO ICE 2. 2 3 
| : 1 ry ba Phil. Tranſ. vol. 48. 5 1. * Hy ce. 
41 * 9241 I 


it, 


2 2 3 * 
r e. a n o 
* — — 


— ” ner cm 
IÞ 5 5 

— 
** d 


3+ 


? 
7 
1 
Ng 
= 
320 
5 
7 
2 A 
| A 
z * 9 
fp 
£ 
R 


* 
8 
„ 
: 
7 
5 
o 
4 
ht 
1 
ON 
7 
7 
N. 
7 5 
1 
„ 
* * 
4 o 
* x 
2 * 
Tr. 6 = 
5 
* 
8 * 
7 
32 
74 
1 
1 . 
b 
. 
4 
7 
3 
- 
, 
U * 
* " 
54 6 
- 
Ve 
; wh 
IT * 
4% . 
4 
. ze 
15 
1 
* 
1 Lo 
== 
* 
j \ 
| i 
" 
* 
* 5 
* 
4 
* N 

2 

1 
— 

9 
LY 
25 
E 

2 
N. 

10 

Þ 


— 


A2: *% 


— 4 


r i 
| * . 5 
4 ES K ͤ „„ EE aa eb eee 
8 * o — N r W Y hog ar 
=> by : „K TS a 


* 
* 
1 b \ 
+000, + os = 0 - hs © 
4 * 


34% Tur EFFECTS or ELECTRICITY Parr I. 


 Utsr and which' might be eaſily drawn from it. Let a perſon, he 
ſays, in a negative ſtate, ſtanding out of doors, in the dark, 
| when the air is dry, hold, with his arm extended, a long ſharp 
needle, pointing upwards, and he will ſoon be -convinced that 
electricity may be drawn out of the air; not indeed very plen- 
tifully, for, being a bad conductor, it ſeems loth to part 
with it, yet ſome will evidently be collected. The air near 
the perſon's body, having leſs than the natural quantity, will 
have none to ſpare; but his arm being extended, as above, ſome 
will be collected from the remoter air, and will pak e 
as it converges to the point of the needle. 

LAT a perſon electrified negatively, he ſays, bannt the point 
of a needle horizontally, to a cork ball ſuſpended by ſilk, and 
the ball will be attracted towards the point, till it has parted 
with ſo much of its natural quantity of electricity, as to be i in a 
negative ſtate, in the ſame degree with the perſon who holds 

the needle; then it will recede from the point, being, as he 
ſuppoſes, attracted the contrary way by the electricity of greater 
denſity in the air behind it. But as this opinion, he pleaſantly 
ſays, ſeems to deyiate from electrical orthodoxy, he would be glad 
to ſee theſe phenomena better accounted for by the ſuperior and 
more penetrating genius of his friend Dr. F ranklin, to hom 
he is writing. 8 ä 
 WuBTHER the electricity in the air, in clear dry weather, 
be of the ſame denſity at the height of 200 or 309 yards, as 
near the ſurface of the earth, he thought might | be ſatisfac- 
torily determined by Dr. Franklin s old e of the 
kite. ; ; „ | | 
Tux twine, he ſays, ſhould have 3 a very nell wire 
in it, and the ends of the wire, where the ſereral lengths are 


United, 


\ 


\. 


* 
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united, ought to be tied down with a waxed thread, to brerent 

their acting in the manner of points. | 
Wnx be wrote this letter, he had tried the axpecimbeſt twice, 

when the air was as dry as it ever is in that country, and fo clear 
that not a cloud had been ſeen, and found the twine each time in 
a ſmall degree electriſed poſitively. * 

Tur preceding obſervations of Mr. Monnier, Mr. Mazeas, 

and Mr. Kinnerſley, fall far ſhort of the extent and accuracy of 

thoſe of Signior Beccaria; whoſe obſervations on the general 
ſtate of electricity i in the atmoſphere I have reſerved for the laſt 
place of the ſection, becauſe they are the moſt conſiderable, 
though. they werevall made independent of, and, _ of _ 
prior to thoſe mentioned before. 

HE obſerved that, during very high winds, his apparatus 
gave no ſigns of being electrified. + Indeed he found that in 
three different ſtates of the atmoſphere, he could find no elec- 
tricity in the air. 1. In windy and clear weather. 2. When the 
{ky was covered with diſtinct and black clouds, that had a flow 
motion. z. In moſt moiſt weather, not actually raining. + t In 
a clear ſky, when the weather was calm, he always perceived 
ſigns of a moderate eleQricity, but interrupted. Ia rainy wea- 
ther, without lightning, his apparatus was always electrified a 
little time before the rain fell, and during the time of the rain, 
but it ceaſed to be affected a little before the rain was over. 

Tux higher his rods reached, or his kites flew, the ſtronger 
ſigns they gave of their being electrified. | Alſo longer ſtrings 
or cords, extended and inſulated in the open air, acquired elec- 

' tricity ſooner than thoſe which were ſhorter. A cord 1500 
Paris feet long, ſtretched over the river Po, was as ſtrongly 


Phil. Tranſ. Vol. 5 3. pt. 1. p. 87. + Lettere dell' elettriciſmo, p. 166. 
4 Ib. p. 166. [| Ib. p. 114. 
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signior Beccaria reckons rain, hail and ſhow. 12 ty 
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electrified during a ſhower, without thunder, as a metallic rod, 
to A . into * en. _ wag ant amy" chunder 


* 141 | 
Having two rods for bringing ads lightning 70003 his houſe; 


140 feet aſunder, he obſerved, that if he took a ſpark from the 


higher of them, the ſpark from the other, which was thirty feet 
lower, was at that inſtant leſſened; ' but, what is remarkable, 
is that its power revived agein, _—_ he _ His" hand . N 


the former. + 


H imagined: that the ley —— to the air 


| might ſometimes furniſh ſmall ſparks to his apparatus + fince 


the air parts with the electricity it has receive very ſlowly, and 


therefore the equilibrium of the electric matter in the air will 


not be reſtored ſo ſoon as in the earth and clouds, T- 
Ao the effects of a moderate electricity in the m ang 


Coops that bring rain, he thought, were produced | in the 
aw manner as thunder clouds, only by a more moderate elec- 
tricity. - He deſcribes them at large, and the reſemblance 


which all their eee bear 10 thoſe of thunder clouds is 


indeed very ſtriking. 4 {54 21 
He notes feveral cireumfiances: na rain withour light- 


ning, which make it very probable, that it is produced by the 
ſame cauſe. as when it is accompanied with lightning. Light 


has been ſeen among the clouds by night in rainy weather ; and 


even by day rainy clouds are ſometimes ſeen to have a bright- 


neſs evidently independent of the ſun. F The uniformity with 
which the clouds are ſpread, and with which the rain falls, he 
Gaught were evidences of an uniform cauſe, like thus ol elec- 


Lettere dell' elleztriciſmo, p. 165, IIb. p. 176. f Ib. p. 347. || Ib. p. 284. 
| Ib. p. 288. Wo | 


tricity. 
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tricity. * The intenſity of electricity in his apparatus generally 
correſponded very nearly, to the quantity of rain that fell in the 
fame time. 4 Nor is any thing to be inferred to the contrary 
of this ſappoſition from the apparatus not being always electri- 
fied during rain. It has ſometimes failed during thunder. In- 
deed it follows from his general theory, that the electricity of 
His apparatus could not always correſpond to the electricity of the 
clouds; fince it muſt in ſome meaſure depend upon the ſituation 
of the obſervatory, with reſpect to thoſe parts of the earth or 
clouds which are giving or taking electric fire. This was con- 
firmed by an obſervation which he made upon one thunder cloud, 
which paſſed oveg his obſervatory. At its approach his appara- 
tus was electrified poſitively, when it was directly over him all 
ſigns of electricity ceaſed, and when it was paſſed, his appara- 
tus was electrified negatively. This obſervation very. muck 
favours his general theory of thunder clouds. 

SOMETIMES all the phenomena of thander, lightaing, hail, 
rain, ſnow, and wind, have been obſerved at one time; which 
ſhows the connection they all have with ſome common. cauſe. ||. 
© S16n10R BEcCARIA, therefore, ſuppoſes that, previous to 
rain, a quantity of electrie matter eſcapes out of the earth, in 
ſome place where there was a redundancy of it; and, in its aſcent 
to the higher tegions of the air, collects and conducts into its path 
a great quantity of vapours. The fame cauſe that colle&s, will 
condenſe them more and more: till, in the places of the neareſt 
intervals, they come almoſt into contact, fo as to form ſmall drops; 
which uniting with others as they fall, come down, in rain. The 
rain will be heavier in proportion as the electricity is more vi- 


Ib. p. 299. 1 Ib. p. 307. I Ib. p. zo. - { lb. p. 290, 345- 
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gorous, and the cloud Ar ee more nearly to a "thunder 
cloud. ? 5 
Hx imitated n appearance: x cas that ding: ole bo nfo 
lating himſelf between the rubber and conductor of his electrical 
machine, and with one hand dropping colaphonia into a ſpoon | 
faſtened to the conductor, and holding a burning coal, while 
his other hand communicated. with the rubber. In theſe. cir- 
cumſtances, the ſmoak ſpread along his arm, and, by. degrees, 
all over his body; till it came to the other hand that communi- 
cated with the rubber. The lower ſurface of this ſmoak' was 
every where parallel to his cloaths, and the upper ſurface was 
ſwelled and arched like clouds replete with thunder and rain. þ 
In this manner, he ſuppoſes, the clouds that bring rain diffuſe | 
themſelves from over thoſe parts of the earth which abound 
with electric fire, to thoſe parts that are exhauſted. of it; and, 
by letting fall their. rain, reſtore the equilibrium between them. 

Six BECCARIA thought that the electricity communicated. 
to the air, which both receives and parts with it ſlowly,. would 
account for the retention of vapours in a clear ſky; for ſmall 
disjoined clouds, not diſperſed into rain; for the ſmaller and 
lighter clouds in the higher regions of the air, which are but 
little affected by electricity; and alſo for the darker, heavy, and 
fluggiſh clouds in the lower regions, which. retain more of i it..$ 
The Feder of electricity which he could communicate to the 
air of his roam, notwithſtanding its being in contack with: the 
floor, the walls,. &c. made this appear to him. boch poſſible, 
and probable. |. 

He. even imagined, that ſome DOB oa in the weight of the 
air might be made by this wecricity of it. He obſerved. his 


: Leuere dell elettriciſmo, p. 305. 4 Ib. p. 294. 1 Ib. p. 3487349. F w. p-. 350. 5 Ib. 
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barometer to fall a little immediately upon a flaſh of lightning ; 
but he acknowledges that this circumſtance is no ſufficient foun- 
dation to ſuppoſe that electricity will account for much variation 

of the height of the barometer. But he thought that the phe- 
nomena of rain favoured the ſuppoſition, that the electrie matter 
in the air did, in ſome meaſure, leſſen its preflure. For when 
the electric matter is actually in the air, collecting and condenſ- 
ing the vapours, the barometer is loweſt. When the commu- 
nication is made between the earth and the clouds by the rain, 
the quickſilver begins to riſe ; the electric matter, which ſup- 
ported part of the preſſure, being diſcharged. And this, he 
ſhows, will be the caſe whether the electricity in the air be po- 

ſitive or negative. | 

Hair, this ingenious philoſopher ſuppoſes. to be 1 in 
the higher regions of the air, where the cold is intenſe, and 
where the electric matter is very copious. In theſe circumſtan- 
ces, a great number of particles of water are brought near toge- 
ther, where they are frozen, and in their deſcent collect 
other particles: ſo that the denſity of the ſubſtance of the hail 
ſtone grows leſs and leſs from the center; this being formed 
firſt, in the higher regions, and the ſurface being collected in 
the lower. Agreeable to this, it is obſerved, that, in moun- 
tains, hail-ſtones, as well as drops of rain, are very ſmall ; there 
being but ſmall ſpace through which they can fall, and thereby 
increaſe their bulk. Drops of rain and hail agree alſo in this 
circumſtance, that the more intenſe is the electricity that forms 
them, the larger they are. F Motion is known to promote 


freezing, and ſo the rapid motion of the electrified clouds may 
promote that effect in the air. 


0. 03 63. + Ib. p. 354. t Ib. p. 314. {| Ib. p. 378. 
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Crovps of ſnow differ in nothing from clouds of rain, but in 
the circumſtance of cold, which freezes them. Both the regu- 
lar diffuſion of ſnow, and the regularity in the ſtructure of the 
parts of which it conſiſts (particularly, ſome figures of ſnow or 
hail, which he calls reſette, and which fall about Turin) ſhow 
the clouds of ſnow to be actuated by ſome: uniform cauſe like 
electricity.“ He even. endeavours, very particularly, to ſhow 
in what manner certain configurations of ſnow are made, by 
the uniform action of electricity All theſe conjectures about 
the cauſe of hail and ſnow were confirmed by obſerving, that his 
apparatus never failed to be electrified by ſnow, as well as by 

A More intenſe electricity unites the particles of hail more 
cloſely than the more moderate electricity does thoſe of ſnow. 
In like manner, we ſee thunder clouds more denſe than thoſe. 
which merely bring rain, and the drops of rain are larger in 
proportion, though they often fall not from ſo great a height. 


| © Lettere del eletuieilno, p. 320, 324, 325- + Ib. p. 323, 331 333. 7 Tb. 328. 
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Tur ATTEMPTS THAT HAVE BEEN MADE TO EXPLAIN SOME OP 
THE MORE UNUSUAL AMTEARANCES IN THE EARTH 
AND HEAVENS BY ELECTRICITY. 


N the two preceding ſections of this period, relating to the 

| electricity of the atmoſphere, the experiments and obſervati- 
ons of Signior Beccaria have made a principal figure; and the 
materials I have collected from him make a no leſs conſiderable 
part of this. They who may have thought he indulged too much 
to imagination before, will think him abſolutely extravagant here; 
but his extravagancies, if they be ſuch, are thoſe of a great ge- 
nius; and had he a thouſand more ſuch extravagancies, I ſhould, 
with pleaſure, have followed him through them all. 

Tux meteor uſually called a falling far has hitherto puzzled 
all philoſophers. Signior Beccaria makes it pretty evident, that 
it is an electrical appearance; and the fact which he relates as a 
proof of it, is exceeding curious and remarkable. 

As he was one time ſitting with a friend in the open air, an 
hour after ſun ſet, they ſaw what is called a falling ay directing 

its 
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its courſe towards them, and apparently growing larger and larg- 
er, till it diſappeared not far from them; when it left their faces, 
hands, and cloaths, with the earth, and all the neighbouring ob- 
jects, ſuddenly illuminated, with a diffuſed and lambent light, 
attended with no noiſe at all. While they were ſtarting up, 
ſtanding, and looking at one another, ſurpriſed at the appear- 
ance, a ſervant came running to them out of a neighbouring 
garden, and aſked them if they had ſeen nothing; for that he 
had ſeen a light ſhine ſuddenly in the garden, and eſpecially up | 
on the ſtreams which he was throwing to water it, * 
Ax theſe appearances were evidently electrical; and Rignior 
Beccaria was confirmed in his conjecture, that electricity was the 
cauſe of them, by the quantity of elefric matter which, as was 
mentioned before, he had ſeen gradually advancing towards his 
kite; for that, he ſays, had very much the appearance of a fall- 
ing ſtar. Sometimes alſo he ſaw a kind of glory round the kite, 
which followed it when it changed its place, but left ſome light, | 
for a ſmall ſpace of time, in the place which it had quitted. o& .., 
THAT appearances, which bear evident marks of electricity, 
have a very ſenſible progteſſive motion, is demonſtrated from a 
variety of meteorological obſervations. I ſhall relate one made 
by Mr. Chalmers, when he was on board the Montague under 
the command of Admiral Chambers. The account of it v was 
read at the Royal Society March the 22d. 1749. 
Ox the 4th. of November 1749, in lat. 429. 48, long. 90. 3. 
he was taking an obſervation on the quarter deck, about ten mi- 
nutes before twelve, when one of the quarter-maſters deſired he 
would look to the windward ; upon which he obſerved a large 


ball of blue fire rolling on the ſurface of the water, at about- 
;Þ Lettere dell elettriciſmo, p. 111, lb. p. 130, 
three 


PR. X. Szc. XII. E TE ORS. 333 


three miles diſtance from them. They immediately lowered their 
top ſails, &c. but it came down upon them ſo faſt, that before 
they could raiſe the main tack, they obſerved the ball to riſe al- 
moſt perpendicular, and not above forty or fifty yards from the main 
chains; when it went off with an exploſion as if hundreds of 
cannon had been fired at one time, and left ſo great a ſmell of 
brimſtone, that the ſhip ſeemed to be nothing but ſulphur. 
After the noiſe was over, which, he believed, did not laſt: lang- 
er than half a ſecond, they found their main top-maſt ſhattered. 
into above a hundred. pieces, and the main maſt rent quite down 
to the heel. There were ſome of the ſpikes which nail the fiſh 
of the main maſt drawn with ſuch force out of the maſt; and 
they ſtuck ſo faſt in the main deck, that the carpenter was 
obliged to take an iron crow to get them out. There were five 
men.knocked down, and one of them greatly bare by the ex- 
ploſion. They believed, that when the ball, which appeared 
to them to be of the bigneſs of a large mill-ſtone, roſe, it took 
the middle of the main top-maſt, as the head of the maſt above 
the hounds was not ſplintered. They had a hard gale of wind 
from the N. by W. to the N. N. E. for two days before the ac- 
eident, with a great deal of rain and hail, and a large ſea. From 
the northward they had no thunder or lightning, neither before 
nor after the exploſion. The ball came down from the North 
Faſt; and went to the South Weſt. ® 
THAT the Aurora Borealis is an electrical phenomenon was, I 
believe, never diſputed, from the time that lightning was proved 
to be one. To the circumſtances of reſemblance which had be- 
fore been taken notice of between this phenomenon and electri- 
2 ; Signior Beecaria adds, that when the aurora borealis has 
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— chan uſual: into che amoſphere, various boa 
as of rumhling. andl hiſſing, Bare beru- heurd. * To 

Mx. Braman fays, he has often obferred tbe] Wee 
needle to be diſturbed by a high aurora borealis, but that he 
could never procure any electricity from them; either with: e 
ed metallic rods; or by means of a kite. F 6 

Mx. CAx rox (befides his conjecture, mentioned deere p. 
334, that the aurora borealis may be the flaſhing of electric fire 
from poſitive towards negative clouds at a great diſtance, through 
the upper part of the atmoſphere, where the reſiſtance is leaſt) 
ſuppoſes that the aurora borealis, which happens at the time 
that the needle is diſturbed by the heat of the earth, is the elec- 
tricity of the heated air above it; and chis, he lays, Will appear 
chiefly in the northern regions, as the alteration in the heat of 
the air in thoſe parts will be the greateſt. This hypotheſis, he 
adds, will not ſeem improbable, if it be conſidered, | that olec- 
tricity is now known to be the cauſe of thunder and lightning. 
that it has been extracted from the air at the time of an aurora 
borealis; that the inhabitants of the northern countries obſerve 
the aurora to be remarkably ſtrong, when a ſudden thaw happens 
after ſevere cold weather; and that the curious in theſe matters 
are now acquainted with a ſubſtance that will, without friction, 
both emit and abſorb the electric fluid, only by the increaſe or 
diminution of its heat; meaning. the ae in which BE 
had diſcovered that property. ? I 

In a paper dated November the 3 2284 he 5 he. has 
ſometimes known, the air to be electrical in clear weather, but 
never at night, except when there has appeared an aurora borealis, 
1 then but to a ſmall degree, which he had ſeveral opportuni- 


0 Elaine artificiale e naturale, p. 221. Phil. Tranſ. vol. 52. pt. 2. p. 485; 
, 1 Ib. Vol. 51. pt. 1. p. 403. 
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ties of obſerving that year. Ho far poſitive and negative elec- 
tricity in the air, with a proper” quantity of moiſture between; 
to ſerve as a conductor, will account for this, and other meteors, 
ſomerimes ſeen in a mm N . mem to we” jp, e 
into! ͤ⸗ 0 K vie e SSH A | 
Storen — rakbs be palbe 6 (0 Hot that water 
| Joins have an electrical origin. To make this more evident, 
he firſt deſcribes the cireumſtances min, By their ee 
which are the following. 

Tur v generally appear in calm eiter The ſea Regis ts t 
boil, and ſend up a ſmoak under them, tifing in a hill towards 
the ſpout. At the ſame time, perſons who have been near 
them have heard a rumbling noiſe. The form of a water ſpout 
is that of a ſpeaking trumpet, the wider end being in the clouds, 
and the narrower end towards the ſei. The ſize is various, even 
in the ſame ſpout. The colour is ſometimes inclining to white, 
and ſometimes to black. Their poſition is ſometimes perpendi- 
cular to the ſea, ſometimes oblique ; and ſometimes the ſpout 
5r{elf 4s in the form of a curve. Their continuance is very va 
rious, ſome diſappearing as ſoon as formed, and ſome continu 
ing a conſiderable time. One that he had heard of continued a 
whole hour. But wer ohicn Te” and preſently "—_— again 
in the fame place. 4 
Tux very ſame things that water Pond are at ſea are ſome 
kinds of whirlwinds and hurricanes by land. They have been 
known to tear up trees, to throw down buildings, make caverns _ 
in the earth; and, in all theſe caſes, to ſcatter earth, bricks, 
ſtones, timber, &c. to a great diſtance in every direction. | 
Great quantities of water have been left, or raiſed by them, fo 
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as to make a Kind of deluge; and they oo always em 


Tua theſe phenomena depend Upon electricity cannot but 
ippear very: probable from the nature of ſeveral, of them; but 


the conjecture is made more probable from the following addi- 
tional eircumſtances. They generally appear in months pecu- 


Harly ſubject to thunder ſtorms, and are commonly preceded, 
accompanied, or; followed by lightning, rain, or hail; the pre- 


vious ſtate of the air being ſimilar. Whitiſh or yellowiſh flaſhes 


of light-have ſometimes been ſeen moving with prodigious ſwift- 


neſs about them. And, laſtly, ' the manner. in which they ter- 
minate exactly reſembles what might be expected from the pro- 
longation of one of the uniform protuberances of electrified 


clouds, mentioned before, 5 towards the ſea * the Water and the 
cloud mutually attracting one another: for they ſuddenly contract 


themſelves, and diſperſe almoſt at once; the cloud riſing, and 
the water of the ſea under it falling to its level. But the moſt 
remarkable circumſtance, and the moſt favourable to the ſuppo- 
ſition of their depending upon electricity is, that they have been 
diſperſed by preſenting to them ſharp. pointed knives or ſwords. 


This, at leaſt, is the conſtant practice of mariners, in many 


parts of the world where theſe water ſpouts abound ; and he was 
aſſured by ſeveral of them, that oe method has alen been un- 
doubtedly efeQual. ® Fe! 

Tux analogy between the WOO 01 water . and 
electricity, he ſays, may be made viſible, by hanging a drop 
of water to a wire communicating with the prime conductor, 
and placing a veſſel of water under it. 1 theſe circumſtances, 
the drop aſſumes all the various appearances of a water ſpout, 


Elettriciſmo artificiale e naturale, p. 213. t 
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both in its riſe, form and manner of diſappearing. Nothing is 
wanting but the ſmoak, which may require a | great b of 
. to become viſible. 

- Mx Wir ckx alſo conſiders the water frog, as a kind of. great 
clefrical cone, raiſed between the cloud ſtrongly electrified, 
and the ſea or the earth, * and he relates a very remarkable ap- 
| pearance which occurred to himſelf, and which ſtrongly confirms 
his ſuppoſition. On the twentieth of July 1758, at three o'clock 
in the afternoon, he obſerved a great quantity of duſt rifing from 
the ground, and covering a field, and part of the town in which 
he then was. There was no wind, and the duſt moved gently 
towards the Eaſt, where there appeared a great black cloud, 
which, when it was near his zenith, electrified his apparatus 
poſitively, and to as great a degree as ever he had obſerved it to 
be done by natural electricity. Thig cloud paſſed his zenith, 
and went gradually towards the Weſt, the duſt then following 
it, and continuing to riſe higher and higher till it compoſed a 
thick pillar, in the form of a ſugar loaf, and at length ſeemed 
to be in contact with the cloud. At ſome diſtance from this, 
there came, in the ſame path, another great cloud, together 
with a long ſtream of ſmaller clouds, moving faſter than the pre- 
ceding. Theſe clouds electrified his apparatus negatively, and 
when they came near the poſitive cloud, a flaſh of lightning was 
ſeen to dart through the cloud. of duſt, the poſitive cloud, the 
large negative cloud, and as far as the eye could diſtinguiſh, the 
whole train of ſmaller negative clouds which followed it. Upon 
this, the negative clouds ſpread very much, and diſſolved in rain, 
and the air was preſently clear of all the duſt. The whole 
appearance laſted not above half an hour. + | 


0 
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To Signior Beccaria's theory of water ſpouts and hurricanes, 
I ſhall add a deſeription of a hurricane in the Weſt Indies, from 
the Account of the European ſettlements in America, part of which 
is tranſcribed from the Philoſophical Tranſactions. Both were 
evidently written without the moſt diſtant view to any philoſo- 
phical theory, and leaſt of all that of electricity; and yet thoſe 
who ate diſpoſed to favour this hypotheſis may perceive ſeveral 
circumſtances, which tand to W it. 1 need not point 
them out. EGO 
Ir is in the rainy ſeaſon, Fangen in the e of Au- 
* puft, more rarely in July and September, that they are aſſault- 
« ed by hurricanes, the moſt terrible calamity to which they are 
« ſubject from the climate. This deſtroys, at one ſtroke, the 
« Iabours of many years, and fruſtrates the moſt exalted hopes 
« of the planter ; and often juſt at the moment when he thinks 
« himſelf out of the reach of fortune. It is a ſudden and violent 
« ſtorm of wind, rain, thunder, and lightning; attended with 
4 a furious ſwelling of the ſea, and ſometimes with an earth- 
> quake ; in ſhort, with every circumſtance which the een 
«can aſſemble that is terrible and deſtructive. 8 
« FirsT they ſee, as a prelude to the enſuing hevapks widths | 
« fields of ſugar canes whirled into the air, and ſcattered over 
ce the face of the country. The ſtrongeſt trees of the foreſt are 
« torn up by the roots, and driven about like ſtubble. | Their 
e wind-mills are ſwept away in a moment. Their works, 
ve the fixtures, the ponderous copper boilers, and ſtills, of ſeveral 
hundred weight, are wrenched from the ground, and battered 
ce to pieces. Their houſes are no protection. The roofs are torn 
« off at one blaſt, whilſt the rain, which in an hour riſes five 
e feet, ruſhes in upon them with an irreſiſtible violence. 
« THERE are ſigns, which the Indians of theſe iſlands taught 
e Our 
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« our. planters, by which they can prognoſticate the approach 
« of a hurricane. It comes on either in the quarters, or at the 
« full or change of the moon. If it will come on at the full 
© moon, you being at the change, obſerve theſe ſigns. - That day 

& you will ſee the ſky very turbulent. You will obſerve the ſun 
« more red than at other times. You will perceive a dead calm, 
and the hills clear of all thoſe clouds and miſts which uſually 
« hover about them. In the clefts of the earth, and in the 
wells, you will hear a hollow rumbling ſound, like the ruſh- 
« ing of a great wind. At night the ftars feem much larger 
4 than uſual, and ſurrounded with a ſort of burs. The North 
« Weſt ſky has a black and menacing look, and the ſea emits a 
« ſtrong ſmell, and riſes into vaſt waves, often without any wind. 
« The wind itſelf now forſakes its uſual ſteady Eaſterly ſtream; 
« and ſhifts about to the Weſt; from whence it ſometimes 
„ blows, with intermiſfions, violently and irregularly, for about 
„two hours at a time. You have the ſame ſigns at the full of 
the moon. The moon itſelf is. ſurrounded with a great bur, 
« and ſometimes the ſun has the ſame appearance,” * 

Tux firſt perſon who advanced that earthquakes were probably 
cauſed by electricity, was DR. STUKELEY, upon occaſion of 
the earthquakes at London, on February the 8th, and on March 
the 8th. 1749 ; and another which affected various other parts 
of England, the center being about Daventry in Northampton- 
ſhire, on the zoth.. of September 1750. The papers which the 
Doctor delivered to the Royal Society on theſe occafions, and 
which were read March the 22d. 1749, and December the 6th. 
1750, well deſerve the attention of all philoſophers and electri- 
cians. I ſhall here give the ſubſtance of both ; only abridging, 
and ena arranging: the materials of them. | 


Account of the European Settlements in America, Vol. 2. p. 96, be. 
Phil. Tranſ. abridged, Vol. 2. bf 106. 
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Tram, earthquakes a are e notowing to W A wa 
wa ours, or any thing that occaſions an exploſion, and heaves 
f up the ground, he thought might eaſily be concluded from a 
variety of circumſtances. In the firſt Place, he thought there 
was no evidence of any remarkable cavernous ſtructure of the 
earth ; but that, on the contrary, there is rather reaſon to pre- 
ſume, that it is, in a great meaſure, ſolid; ſo as to leave little 
room for internal changes, and fetmentations within i its ſubſtance; ; 
nor do coal-pits, he ſays, when, on fire, ever ae any thing 
N an earthquake. 

- In the ſecond earthquake at London, there was no o ſach thing 
as fire, vapour, ſmoke, ſmell, or an eruption of any kind ob- 
ſerved, though the ſhock affected a circuit of thirty miles i in di- 
ameter. This conſideration alone, of the extent of ſurface ſhaken | 
by an earthquake, he thought was ſufficient to overthrow the 
ſuppoſition of its being owing to the expanſion of any. ſubterra- 
_ neous vapours. For it could not poſſibly be. imagined, that ſo 
immenſe a force, as could act upon that compaſs of ground i in⸗ 
ſtantaneouſſy ſhould never break the ſurface of it, ſo as to be 
diſcoverable to the ſight or ſmell; when ſmall fire balls, burſt- 
ing in the air, have inſtantly propagated a ſulphureous ſmell al 
around them, to the diſtance of ſeveral miles. ty = 
\ Bx$1DEs, the operation of this great fermentation, and 5075 
duction of elaſtic vapours, &c. ought to be many days in conti- 
nuance, and not inſtantaneous; and the evaporation of ſuch a 
quantity of inflammable matter would require a long ſpace of 
time. | | 

He thought that if vapours and ſubterraneous fermentations, 
exploſions, and eruptions were the cauſe of carthquakes, they 
would abſolutely ruin the whole ſyſtem of ſprings and fountains, 
wherever they had once been : which is quite contrary to fact, 

ei even 


. 
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even where they have been frequently repeated. Mentioning 
| the great earthquake which happened A. D. 17, when no leſs 
than thirteen great cities of Aſia Minor were deſtroyed in one 
night, and which may be reckoned to have ſhaken a maſs of 
earth zoo miles in diameter, he afks; How can we poſſibly 
conceive the action of any ſubterraneous vapours to produce ſuch 
an effect fo | inſtantaneouſly How came it to paſs, that the 
whole country of Aſia Minor was not at the ſame time deſtroy- 
ed, its mountains reverſed, its fountains and ſprings broken up, 
and ruined for ever, and the courſe of its rivers quite changed? 
Whereas, nothing ſuffered but the cities. There was no kind of 
alteration in the ſurface of the country, Vu PR remains 
the ſame to this day, 
To make the hypotheſis of e vapours, Cee. * 
ing the cauſe of earthquakes the more improbable, he obſerves, 
that any ſubterraneous power, ſufficient to move a ſurface of 
pened at London, muſt be lodged at leaſt fifteen or twenty miles 
below the ſurface of the earth, and therefore muſt move an in- 
verted cone of ſolid earth, whoſe baſis is thirty miles in diameter, 
and axis fifteen or twenty miles; an effect We. he ne no 
natural power could produce. _ 
- Ueon the fame principle, the fubterraneous cone of; the 
earthquake in Aſia Minor muſt have moved a cone of earth of 
zoo miles in baſe and 200 in the axis; which, he ſays, all 
the gun- powder which has ever been made ſince the invention 
of it would not have been able to ſtir, much leſs any vapours, 


which could be ſuppoſed to be ne o far below the ſur- 
face. | 


IX is not upon the principles of any ſubterraneous 1 8 | 
that we can, in the leaſt, account for the manner in which 
Aa a ” — 


* 
8 Y 


un benen any land; ere affected during am earthquake; 
which: ſeem as if chey ſtruck upon a rock, ts yh 446-4 IT | 
tumped againſt their bottoms. Even the fiſhes; abe affefted: r 
| * tec) het ſtroke, (therefore, ng CT my 


8 Fun n hearing of the ear 
the elaſticity of generated vapours. 
graduall ſwell, and could never give 1 uch. a 
a would make it feel like a ſtone. 
COMPARING deli; eee he lh: he had ww 
nba, chat an earthquake was an electrical th ek, of the: ſame 
22 ure with thoſe which are now: become familiar in electrical 
experiments. And this hypotheſis he thought was confirmed 
by the phenomena preceding and attending e parti 
ularly thoſe which oecaſioned this publication. 
_ weather, for fie or fix. months before the Girſt of theſe 
ane been dry and warm to an {extraordinary degree, 
the wind generally South and Sou Welt, and that without 
rain; ſo that the earth muſt have been in a ſtate of by | 
ready for that particular vibration in which eleftrificati 
On this account, he.abſerves, that the Northern ceglons.of the- 
world. are but little green to wa ought gong rt with. * 


OV 2 dor 
. . Gn. 


| flew 4 to cle@ricity, are common. All the Kat adi of ee 
thire before the earthquake in September, though, underneath. 
it is a watery bog, yet, through the whole preceding ſummer 
and autumn, {as they can have no natural fprings-in ſuch a level): 
the drought had been. ſo-great on the ſurface of the earth, that 
the inhabitants were obliged to drive their cattle ſeveral miles to- 
water. Blas; oe . n OS the 72 ſurface was for an 
179 : 61 1 — 
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— 9 the ſurface of che eg 
Bxronx the earthquake at London, all vegetables had been 

uncommonly forward. At the end of February, ; in how year, al 

forts of garden tuff, fruits, flowers, and trees were obſer 

he as forward as, in ether years, — the middle of pO and 

electricity is well known to quick 805 

N Tur Aurora Borealis had been very 


þ buck. h colours as: had never been ſeen b before. It had Alb r ue. 5 
| tothe Beuth we ester bun is common in eee 0 chat 


— he air, did 2 e tic Hh Ba Far: afoot 
night before the earthquake in September, the weather was:ferene, 
mild, and calm and, one evening, there was 2 
| Barealis, covering the cope of heaven, very terrible to bahold. 
Tun whole: year had been exceedingly remarkable for fire balls, 
mander, lightning, and coruſcations, almoſt throughout all 
England. Fire balls were mere than once ſcen in Ireland, and 
Line Ws narticularly: obſerved. And all theſe kinds of 
mieteorg, the Doctor ſays, are rightly: Jagged: to r e 
the electrical ſtate of the atmoſphere. 
100 in bien ann of the ſtate of the bnd en | 
* anti g to produce the ee 
QI: an Cart 8 [6) -» non-eletric body; 
which muſt a den be had ah extra, from. the region of tho 
air, or atmoſphere. Hence, he infers that, if a non- electric 
cloud diſcharge its contents upon any patt of the earth, in that 
highly electrical ſtate, an earthquake muſt neceſſarily enſue. As 
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quake in Septembet Was attended with a. ruſt 
houſes were falling, and people, in in ſome ond derne uni- 
+ 1 verlally frighted, das to run out of cheir houſes, pimagining that 


| 


thaſe of their bours were tùmbling on their 
ſome villages; the ple, being at diyine ſetice, were. 

wach alma with the noiſe; which: they ſaid, ien 

compariſon, exceeded all- the thunder they had ever. hard. 25 2 
Tur flames and ſulphuteous ſmells, Which are ſometim 
ſerved during earthquakes, the Doctor thought Were 9 
accounted egen from the ee heit being electrical phe 
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"0 r Nene re «re put into Mat 
| tog give r 


receive that ſos nd bock, _— we aal ag. cartbguake,.. ad. 
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ein in the morning, che Do@or,: being awake in bed, on 3 


a nd floor, at a houſe near the church of St. Martig's in the 
s,. very ſenſibly felt bis bed haave, and heard; an gbſoure- 
ruſhing noiſe in the houſe; which ended.i ima. loyd..exploſign-ups 
in ve air, like that of a ſmalb cannon;. The- 1-3 The Whole dur | 
ng ing; 10 be about, four fer, 
A 6-3-7 boi [4095 S269 $63 on med on ark 
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- e, to come to the = where it-is wanted ; it may eaſjly be 

Dncuflions may be given to the earth, by. 
po erful agent. And ſever al eirgcum- 
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admii able philoſophter,”. having imitated all ths roi 
phenomens of [natural electricity in his own room, dottbadt you 
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ther phenomena of the atmoſphere, with an enumeration of the 
principal appeatatices of natural electricity obſerved by the anti- 
ents, and Which Were 1 never underſtood before the Uiſvovery ol of 
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Nous work e „lien. ng Mins been ja an eri 
d & is" memioned by Pink in bis life, of Lyſander 
| * in his Bec Book of Fay hi Rory | & calls tl 

pes avs; and tellb üb, that they ſettled: not only upon.th 


| maſts,” and other parts of Hips but alſo n B 3 ou 


f Exfitunt, ſays that hi ed ee et in mart” terrifque, EL "dp 
voher mlt v re gik. pro wall fi T1 
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0 a ebay avigan ain, joy ws nevium paribus, cen cel de 
an ſane «prope curſur prove; x guarum ad 
* 2 apbelle ramgue. Helenam ferunt... BY 3 

| = Pollaci et Cafori 14 FO Fa n afignant, eoſque i in mart deos invocant. 
. neo gu capiti- uſprrtinis horis, magno fraſagin circuniful- 
1 Bh adds he, theſe things are incerta ra e et in naturæ 
ee vinbbut 2581 iclgig 2 16 Holte bros 
STARS make heir reer both at land and fea, Thave 


ALT bg bt iti that foren on the ſpears, af {ſoldiers | 

is Saen d y night upon the ramparts. They are ſeen Aren! the 
= dae and other parts of ſhips, making an audit le found, 
> ad d frequently changing their places. TWO of theſe lights 
© grebode g ood Ne and a proſperous voyage; and drive 
1 away 5 chat appears fingle, and Wears a threatning aſpect. 
This the ſailors call Helen, but the: co they call, Caſtor and 
« Pollux, and invoke them as Gods. Theſe lights do ſometimes, 
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ith of February, about the ö 
44 8 ee of the e there ſuddenly aroſe a thick eloud; 
ſtones; and the ſame night, the. pas. 
> fifth. legion ſeemed to take fire. 
_e Tee cap. —— pay el facts, in. Kelle 25 
bus aliquot Hicula, in Sardinia mure circumeunti vigilias equity, 1 ſei- 
pionem, quem in manu tenuerat, es et hora erebris |  ignibus | 
ak. 2 | ſh, 99 0 Ov 24 8 19475 ve boog 57 | 
Tux ſpears of fo 2 in en, ind 8 walking tick, 
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THESE appe arances are 24 both by the Frei oy mar 
ards, inhabiti ng the coaſts! of the Mediterranean, St. Helme's, 
or St. Telme's fires; by the Italians the fires of St. Peter, and 
St. 
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Be: Nicholas * and are een taken notice of by the writers 

is 8 Sid Aden "IO 8 ad tis Doctor, are to 
be depended upon, this phenomenon, has been obſeryed at 
e time immemorial, and Mr. Binon, the cure of the. 
place, ſays, that for twenty ſeven years, which he has reſided. 
there, in great ſtorms accompanied with black clouds, and fre- 
quent lightnings, the three pointed extremities of the croſs of 
_ the ſteeple of that. place. appeared. ſurrounded with: a body of 
flame; z and. that when this phenomenon has been ſeen, the ſtorm 
was no longer to, be dreaded, and calm weather returied: toon, 
after. : | ; 

| Mopzrn hiſtory furniſhes a a great number of examples of 
Frag appearing at the extremities of pointed metallic bodies, 
projecting into the air.. Little notice was taken of theſe, . while 
the cauſe of them was unknown; but ſince their neat affinity 
4 ning has beon-diſcovercd 2 * have been more attend 

ed to, and colleQed. - S dh 
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HE former caien, of this period relate chiefly; to the 

y of electricity. In the two next I ſhall 'conf 
what has been done towards reducing this ſcience into practice. 
And, in the firſt pla ace, I ſhall recite the obſervations that have 
been made reſpecting the uſe of metallic conductors, to ſecure 
buildings from lightning, as having the neareſt connection with 
the ſubject of the ſections immediately preceding. 

DR. FRANKLIN's propoſal to preſerve buildings from the 
dreadful effects of lightning was by no means a matter of mere 
theory. Several ſtriking facts, which occurred within the pe- 
riod of which I am treating, demonſtrate its utility. 

1 INNUMERABLE obſervations ſhow how readily metallic rods 
actually conduct lightning, and how ſmall a ſubſtance of metal 
is ſufficient to diſcharge great quantities of it. Mr. Calendrini, 


2 343 2 113. A 


who afterwards applied to Dr. Watſon, to be informed of the 


beſt methods of nm powder guns, lays that he him- 
ſelf 
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; be bed of « fluſh of lightning, lets 
| K the wire of a bell, and had been com- 
pletely 2 — —_— + one toom of houſe td-anorkir, 
irough 2 very ſmall hole in the partition This 

1 eee of Dr. Pranklin, bot 


ras: recolle@ed * 


Dx. himſelf, in a letter to Me Dali a1 _ ated. 
Du. Waun imſelf, ir r. Dalibard, dat 


Philadelphia, June the 29 h. 175 relating what had been 
| ſhown him of the effects of lightning on the church of Newbury 
in New England, obſerves; that a wire, not bigger than a com- 
mon knitting needle, did in fact conduct a flaſh of lightning, 
without injuring any part of the building as far as it went; 
though the force of it was ſo great that, from the termination 
of the wire down to the ground, the ſteeple was exceedingly: 
rent and damaged, ſome of the ſtones, even in the foundation,, 
being torn out, and thrown to 2 diſtance of twenty or thirty 
feet; No part of the wire, however, could be found, except 
about two inches at each extremity, the reſt being exploded, and 
ſmoke and air, as the Doctor ſays, like 
gunpowder by a common fire. It had only left a black _— 
track upon the plaiſter of the wall. along which it ran, three ot 
four inches broad, darkeſt in the middle, and fainter towards the- 
edges. From the circumſtances of this fact it was very evident, 
that, had the wire been continued to the foot of you building, 
the whole ſhock would have been conducted without the woos in- 
Jury to it, though. the wire would have been deſtroyed. T 
Bur the moſt complete demonſtration of the real uſe of Dr. 
Franklin's method of ſecuring buildings from the effects of light- 
ning, is Mr. Kinnerfley's account of what happened to the houſe: 
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he lightning, lie f fays. muſt viſit us ſom way or ede 
0 Im ; neceſſity, there can be no reaſon to invite it at all; but, on 

contrary, when ir Happens to attack our buildings, we ought 
ily fo to contrive our apparatus; as. to be able to carry the dr 
ning away again, by ſuch ſuitable conductors, as will very Tbs 
if at all, promote any increaſe of its quantity. 

To attain this deſirable end, in ſome degree at leaſt, he pro- 
| 5 that the ſeveral buildings remain. as they are at the top; 
that is, without having any metal above them, either pointed or 
not, by way of conductor; but that on the inſide of the higheſt 
patt of the building, within a foot or two of the top, a rounded' 
bar of metal be fixed, and continued down along the ſide of the 

wall, to any kind of moiſture in the groundG. f. 

$16x10R BE CcARIA whoſe obſervations. and: experience with 
reſpect to lightning give a weight to his opinion ſuperior to that 
of any other man whatever, ſeems to think very differently from. 
Mr. Wilſon on this ſubject. He ſays that no. metallic apparatus 
can attract more lightning than it can conduct. And ſo far is he: 
from thinking one conductor, rounded. at the top, and. a foqt or 
two under the roof ſufficient; that if the building be of any ex- 
tent, he adviſes to have ſeveral of the uſual form; that is, point- 
ed, and higher than the building. One conductor he thought: 
ſufficient for one tower, ſteeple, or ſhip; but he thought. two: 
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Turn is, another e d tene t the © cure 600 a Colts 
before this period; which is that performed by Mr. Jallabert, 
profeſſor « of Philoſophy and Muthematics at Gone, on a loc 
ſmith of the age of fifty two, . oht arn "BER 
paralytic fifteen years, occaſionec bye a blow of a bammer. le 
was brought to Mr. Jallabert on the 26th. of December 1747 
and was almoſt completely cured- by the 28t ch. of Na 17 48. 
In this interval he was MESS electtifed, ſparks being taken 
from the arm, and ſometimes the electric ſhock ſent through 
it. 1 Mr. OAT s OWN account 25 this cure is Nia Om 
ſtantial. 
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the report of theſe cures. brought togelber, was. ſo great, that 
For 


few of them could be electrißed, except very. impęrfectiy. 


| two or three months "together, twenty dit erent. patients were 
electrißed every day. 1 is not ſurprifing t to find, that the neigh- 


bouring populace cohſidered theſe « Cures as an aff 


air of wit 
and that the operators were obliged to have. recourſe to their 
prieſts to undeceive them: ll In the e courle le of theſ ele pn 
it 1 found, by very accurate obſeryatio 5 ns made vi | 
dulum, that electrification Increaſes the ddl 0 | 
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kleettzefty, cemmötiented to the Royal eech gave it as 
oßinieh, after the reſult of much r e as wes — all diſte n- 
pets, the hemiplegia ſeemed to be the moſt ec- 
tricity. He alſo gn it 2 r r be of uſe Fr intermitting - 
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e was a conſiderab mr a 
prerey N which paralytics were ſaid to have 
* benefit from this new metliod of treatment. In the ear 
1757 Mr. Patric Brydone performed a complete cure of a hemi- 
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Pflegzia and, indeed, an almoſt univerſal paralytic Ace in 


4 three days. The patient was a woman, 
and the palſy was of about two years. continnange, Te. . 4A 
Godfrey Teſkb, very nearly cured a young man, of the age or 
twenty, of a paralytic arm, has ch he hed: not had me kal 
uſe from the age of five years. ? «It; 
Tur Abbe Nollet's expetiments — bad no per- 
manent good effect. 1 He obſerves however that, duting fifteen 
or Hxtecn years that he had elettrißed all forts of perſons, he had 
known” us“ Bad eck ie baue ari from it to AT = 
thew, 85 i el Lin 301 < 01 69413 % e220) item? 298 W 
| 2 Har, in a letter to Dr. Wathon, 8 Salop Nah * 
zoth. 250, mentions: a cart performed by, ele 
woman of: owenty three ycars of age, MWhoſe hand and wriſt. 
fot mk time been rendered uſeleſs by a violent, contraction: of 
the muſcles. She was nat ſenſible of the firſt_ſhock that was 


giuen her but, as the Gocke re reptated. the ſenſation in. 
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ect by che worse, und ac Maß by an univerſal rigidity] ef bet 
miiſeles; o that her whole-body! felt» more like that of a dead 
thin than 3 ring one? She had: continued in this diſmal 
ondition ubove a month, and about the middle of Naxember 
vel, ter all tho:ufual medicines hat failed, Dr. Watſon, began 
to electrißy her f and cNipued t do ir by intervals, till the end 
of Janda Aae followiny; hen every muſcle of her body was per 
fectly flexible, and ſubſervient to her will, ſo that ſhe could not 
_ only ſtand upright, but could w_l s and even” run like other 
e uf her uge. "WC of e 19 2H I. T2909 boo? isnt: 
Du. Bowarw re wrerapleteruieceih by 15055 of 
a locked jaw and paralyſis, in the cafe of a girl of gighteen- years 
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Du. \Duck normals account of che cette of elch Aricitys, in the 
ee which-he applied it, is by no means favourable to 
in ſuch caſes. He days, in a lexter ta Dre Pringle, read 


Ats uſe it | 
at a Royal Society January the 12th. 1758, that ſome years 
before, 1 mention ofireat cure ore 


ties were brought « to e Both — pang Ef - Penfilyania 1 0 
the nei ring provinces, to be electriſed,. and that. he 

performed the operation ac their requaſt. | His N had: was, diſt 

© pla- chair, or upon an electric ſtool, and 
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mot e ky to receive 8 A 
— firſt day, lift his lame! hand from 
off his knee, would the. next day raiſe it four or five, inches, the 
third day higher and on! the fifth Was allet baue wih r 
ion, to take off his hat. ae ppea 
gave great ſpirits to che patients, and made 
for a perfect cure; but he did not ee E that he 
ever ſaw any amendment after the fifth day's: 3 Thi the enn 
e and finding the ſhocks prett me 
raged, went home, and in a ſhort time r rel | nds endet 
q In | e never nen any I rb ear 
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nner, on yur PUT erm 0 rer 
ed, if the electric ſhocks had been accompanied with proper 
medicine and regimen, under the Airedion.of A ufa phyſician. 
He thought too, that many ſmall ſhocks might have been more 
proper than the few great ones which he gave; ſince, in an account 
from Scotland, a caſe was mentioned in which 200 ſhocks from 
a Corus were given daily, and a perfect t cure; had been made. 
7 HAT there is an intimate connection between the ſtate | of | 
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e particularly a very remarkable one related by the Abbe 
— in a letter to Dr. H Ee rifying a perſon | 


ales. He was e 
Pate a. nnn fits, by his apparatus to make ob- 
rvations upon the electricity of the common atmoſphere. At 
gl this 9 bore the ſparks very well, but in two or three 
minutes the Abbe, perceiving his countenance to change, begged 
2 accident ſhould happen; and he was no 
ner home, 8 _ ſenſes failed him, and he was 
len His convulſions were taken off 


* of eu loin his reaſon did not return in an hour 


ang: an alk... 5d. went I and en bun os: one who 1 
ſleep, without | or knowing any perſon, 
ſeteling de in raking ſnuff, mh i.offering chairs: to. all who 


came in. When he was ſpoken to, he pronounce d inarticulate | 
words, 'which had no connection. | 


— 
. 
Aan 


ther fit; and his friends told the Abbé, he was more affected 


with that diſtemper when it thundered than at any other time; 


and if it ever happened, whieh it rarely did, that he then eſcaped; 


his eyes, his countenance, and the confi 


ifion of his ee | 


ee demonſtrated the weakneſs of his reaſon. 


Tux next day, the Abbe learned from the perſon. himſelf, 
Fee the fear of thunder was not ws cauſe of his diſeaſe; but 


that, however, he found a fatal connection between that phe - 


* 


nomenon and his diſtemper. He adde 
him, he perceived a vapour riſing in . breaſt, with ſo much 
rapidity, that * *. all bis . "eons he could call. for 

Dane: G 220105 | bi 1 2 | 


„that when the fit ſeized 


il. Tranſ Vol. 48, Pt. 1. P. 383. 
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men nd never be made to — arſhock except 
wriſts.” — that he himſelf could once haye borne very great 
on * — IR not bear the 
* tam 64k last Un 
Mpix electricity is e uc! obliged + 1 aa. nes and | 
obſervations of Mr. Lovet, :Lay-clerc of the cathedral church at 
| Worcefter, who has for many years beer RS in. r. 
has been very conſiderable; and, all as caſes ke has publiſhed 
ſeem to be Well authenticatet. beiti! 
ta i. bens . 


. . AccoRDIiNnG: to Mr. L. ume 
: continuance, an every 


FTE #44 + 1 
4 » £55 ö 


al caſes of violent pains, of ho ever loi 
part of the body; as in obſtinate 1 re 28, | val 
cramp, and diſorders reſembling the gout. He had no trials of 
t en ns Ante only on thoſe ns. were Aightly aCSed, 


e ne ok Pas cs 4s atria ee ee Play: FIR 
f — remembered any one whe: complained of its. aging a 
_ ew after the. — ++ 


4 „ 14 1 1 * 11 (45 


ſeldom- ,-he-ſays to ace or a lin 
ef hs aides and hyſterical diſorders, particularly if they b 


8 Wilſon'sRilay, iP- 2074 e p. 112, Tek 
„„ attended 


CIT T. 8 


in the feet. Acco ing to him. it eures 
ſtopped 4 eee 2 fiſtula | 
; Hperied extravaſa ed blood. He alſo ſays it | 

r in bringing to a; ſuppuration, or in 
diſperſing without ſuppuration, obſtinate ſwellings of various 
kinds, even thoſe that were ſcrophulous. In his hands it cured 
the falling ſickneſs, and fits of various kind; though the 
patients had been ſubject to them for many years, and one 
cure he mentions of a hemiplegia;+ Laſtly, he relates a well 
atteſted caſe, from Mr. Floyer, ſurgeon. at Dorcheſter, of a com- 
plete cure of what ſeemed to be a gutta ſerena.” The ſame! Mr. 
1 he alſo ſays, cured with it two young women of ob- 
ſtructions, one tak. * 1 m had taken medicines . ea to. no 
purpoſe. f. | 

Ix the cheunatiſm, Mr. Wen EC confelizs, it v5. al- 
ed; but ſays it was ſeldom in the * of ene were if they 

| were taben in time; ' 9055 lined 
Tux manner in which Nane ope . in at cures,. EY 
Lovet imagined to be, by removing ſecret obſtructions; which 
are eee the cauſe as thoſe diſorders. In all his practice he 
neuer knew an inſtance of harm being done by it, and thinks; 
—— ſec FRA which it has done harm, the manner: 
of adminiſtering it has been inzudicicus. In general, he thinks. 
the ſhocks have been made too great. This he imagined; to have 
deen the cafe of the patient before mentioned of Dr. Hart, who 
Was made more paralytic by electric ſhocks. Mr. Lovet adviſes 
o begin, in general, with 3 electriſication, eſpecially in 
hyſterical caſes; tas to proceed to taking ſparks,. and laſtly. to 
giving eee 8, but hard ly-ever any that are violent, or 
painful, | 
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n of * Mr. Welley's account of cures: 9 
ed by elefricity agrees very well with that of Mr. 00 


relieved phe it; l dar char hs has known he aring 
1 8 Aa eee mentions cu 
bruiſes, running ſores, the dro 
| ing the patient to part with 4t) a palſ h 

in the genuine con ſumption- But v. oiſſer ſa 
ſervice 1 in phthiſical compla nt; 75 SITES in nene — oi 22 

. Mx. Wrs Ex candidly ſays, he ae own 
„„ un. an hemiplegia; and though many yties have 
beten helped by elegrieit ely thinks that any palſy of 
| : a a year's ſtanding has be thoroughly: cured: 0 em, 1 
however, nnen any perſo 


of 1 
. Welley's Delideratym, Ps 8. + Ib, 5. 48. — Tentamen . 
+ oF medicum de Paralyfi, p. 34+ ex Act. Upſ, + Tb, 1 


—— 4 , 


— . 
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3 * 0 io. ha found (what Mr. Wilſon'ſays, 
llained-of) an unuſual pain ſome 4005 


ſho Wp new the he rhctimetic 
Paine, yhi. ter vy wear” pppe n had illcreaſed on 
the firſt or — application. . Nee 


od of adminiſtration with 
5, he adviſes that the pati - 
decke feen iid etilpier Ede n, at leaſt half 
an hour e on” Wendy when, after ſome time, ſmall 
ſous __— be taken from them, and a rds ſhocks given 
them, more or leſs ſtrong, as their diſorder eee — 
eds ſeldom failed of the deſired effect. T 16117 
Tus account of the medical * of eledticiry by Mr: Lites 
and Mr. Weſley is certainly liable to an objection, which will 
always lie againſt the accounts of thoſe perſons who, not being 
of the faculty, cannot be ſuppoſed capable of diſtinguiſhing with 
accuracy either the nature of the diſorders, or the conſequences 
of a ſeeming cure. But, on the other hand, this very circum- 
ſtance of their ignorance of the nature of diſorders, and conſe- 
quently of che beſt met] d of applying electricity to them, ſup- 
plies che ſtrongeſt argument in favour of its innocence, at leaſt. 
If in ſuch unſkilful hands ig has produced ſo much good, and ſo 
little harm; . e good, and how) much n _ 
would it probably have produced in more ſlrilful hands. | 
Bur 1 there be in r ee 7 int the © 
nk. Ts writers, 


37 arenen e ne 


preſent ages 3. 20, after Vi years. eee uſe of it, Lecken 
it among no. valuable alli ſtantes of the medical ar an 


e e a e * Welle' Defideratum, %% Ib. 5. 5. 
J Eee N 5 y re, 


— my» 


e III 9 rt bs rn tne 


n <4 
- 


2 bon his Ratio 


bur afterwards, 9.74 reourting 16 en of provi wcwc 


exclveiyiare, ab Lats langer zl bat his in one de bd of Aliaſ 
caſes, the patients had - received - arena oe and ar 
than was: uſual. in recent daſes. In K 


ad ————— —ͤLͤU —— a 


one inſtance of a perfect cure being performs 0 Vier 


— tt le 4 


r 
. 


hour together at 
and he joined 6: ehaitcrhdily, the uſe: of other 


| asc r He always obſerved it to 


—— ä ͤ—ͤö6Uwꝝ—— — ̃ ̃ 2 ˙ —— — 4 
. 


in 0 
\ledenc the reſult of all en- eee 
this ſubject. e * eile ts 10 Kut 
Wich teſpegt to ig 1 -partioul: 
etived-nb benefit from it in fix intire 


8. aten 
nine, and 


Iytic in theiv torignes) eyrs, — and other particular limbs. 
A paralyſis and trembling of the Jimbe, - 


m ahatever eauſe it 
| by it ;- and he 


—— 


aroſe, he ſayt, never; failed to be 


Ui Num mat ni 
u for half an 
He ſeems to have uſed gentle ſhocks; 
wa arg e 
Wanne would not have been effectual without it E 

8. Wrus's dance, he fays, never failed ad be cel > 


Dx Hars's: cuſtom was: to apply he per 


diſcharge of the menſes, and to relieve in caſes of ob! 


0 Ratio Medend3; Vol. 1. P- | 23 45 199 n 1. 5. 233 SF 1 Ib. p · 389. 


8 „He ound it of uſe in ſomo cle of deaf 
geſo, but it entirely failed in its nen to 4 e ne 
and to aft umous neck. * 11770 YE RE: Aff 3180 
Las TV. he relates a remarkable a W nb 
by Mr. Velſe at the Hague, of the cure of a muoous'apoplexy.Þ 
To the caſes which have been mentivned occafionally, in 
which | harm may be apprehended from electriſication, may 
operas er eee were Aa in which Me. Veratti ad 
nchude this account e H medica eloarietty with 
A "that there are two general effects of electricity of 
the human body, of: \ it ſhould Peers that phyſicians 
avail. | ves. | Theſe are, that it promotes 
dula 1 We 5. The former 16 
from the glands, or the parts cont OE — en — 
acts like a ſtimalus. Of the former, inſtances have been given 
in the experiments ee RO; and a few JOINS 
given occaſionally of the latter. IA: 52d aid Je 
Io theſe I ſhall now add, that 2 obſerved, Mis _ 
electric ſparks have been drawn from the ear, it has inſtantly 
promoted a more copious ſecretion of ear-wax ; and that it has 
alſo been obſerved, that, when the eye, or the parts about the 
eye, have been electrified, the tears have flowed copiouſſy. But 
the moſt remarkable caſe that I have met with, is, of its pro- 


whereby hair has been actually reſtored to a W that had 5 
been bald.“ 


w. Vol. 2. p. 200. i. t$ Carmichael Tentamen, p. 34. 11h. p. 33. 
5 2 HITHERTO | 


moting the ſecretion of that matter which forms the hair; 
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uted into attic ſections all the ſubjects, 

Which 11 NAG collected mater rials ene „to fbrm 4 N 2 

ſepatate account; f have referyed for the laſt place, thoſe finaller 75 ; 

articles, which could "neither with propriety be introduced under 
the former Deals, nor were . of enou — * to > make a bection 


i 2 5 


© Tr has been à great controverſy am | 
ci be a 15 to the eleckrie fluid. Mr. Wilen | Moni 
| in favour of the permeability, and, in a paper read at the Roy- 
4ł] Society December the 6th. 17 89. produced the following 
experiments to ſupport his opinion ; notwithſtanding he, even 
afterwards, acknowledged, in a paper read at the Royal Society 


November the 1 zth. 1760; that, in the Leyden experiment, ; 
Dr. Franklin had proved that the fluid did not t ge through the 
glaſs. * «cd | P 
H took a very large pane of glaſs, a little wiradlt; and 
holding it upright by one edge, while the oppoſite edge reſted ; 
= * Phil, Tranſ. Vol. 57. pt. 2. p. 896. | | 
W TE | upon ; 


| finger, and found. both ſides Plan. x 
Deo this I cannot help o obſerving 1 it gh; 1 e oye on ä 
Dr. Franklin's principles. If one ſide be rubhed by the finger, 
it e, Aan the finger ſo ne of the electric fluid. This, 
being ſpread on the glaſs as far as the rubbing extended, repels 
an ane neten of that contained in the other ſide of the glaſs, 
and de it out on that fide; where it ſtands as an atmoſphere, 
| ſo that both ſides are found * If the vnrubhed fide 1 e in 
contact with « a — communic ting with the earth, t! 
electric fluid would be carried pink and then: that fide would | 
: be left apparently in the natural ſtate. If the electric fluid found 
on the unrubbed ſide was really part of that which had been 
communicated by and. DR an _ — al 
 bermeated the glaſs, it might, | 


5 the ſuppoſed. cauſe, repeated, con m_ ues. th 
| reaſon to doubt the ſuppoſed re ation betwe 
elfect. For it appears difficult, to.. conceive. how ſame electric 
fluid, having paſſed, throygh-a per .meable; bady, ſhould make it 
more difficult for. other particles of the oy clefic fluid. to 
follow, till, at length, none could pals at all. 


22 Wen ane . that, Wäre the Gave pane of glaſk 


that os _ the 


p that p 8 of the la dh was oppolte. to the conductor 
came electriſied minus on bath ſides; but, in a few. minutes, 
* minus electricity diſappeared, and the plus continuing, diffuſed 


- Itſelf into the EN * e, ſo that now. 4 "la was 


elected F008 Ny es 


* Phil, Tra, Vol. 51. pt. 1. p. 314. 
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of a leſs piece of wh e the whole might belodtified wa; i 
Theſe advarices} he fays:;: Ted- him Wee eee my 5 
wifying that ſmall piece of: glaſs at different/diftances.-- 1 |: 1 

Hz expoſed the ſame-ſmall; piece of gleſd to the price con-+ 
ductor, at the diſtance of two feet, and obſerved: a minus olectri⸗ 
city iat bath ſur faces, , lo. abi: 420 9 2012 5543911 Hoe 11 AV. N EE, 
„Ae he moved, the glaſs nearer, to a certain diſtance, it was 


more ſenſibly electrified minus ; and after that, on moving it ſtill 


nearer, the minus appearance was leſi and leſs ſenſible; till it came 
within ed ee eededeee nadie. then eee 
mene, eabonntl AM aud: rod nd he 
; i Txts plus electricity in the e he found; mixdt be ahvogs | 
en nat again, by removing the glaſs, and holding it for 2 
time at a gr diſtance; ee eh to 122 4 ee 
thei ropulfive power bf that fluid. Tc: ct 1% ol dn 418 
Havins by him à pate of: gla SE bs oeh, ace 
and the other ſmooth, he: Wr af cn l. KMC gg l ade; 858055 
doing which, both ſides were eleQrified nian. 
Oxc this: I muſt al ſo take the liberty. to obſ e eden 
tric fluid contained in glaſs im its natural ſtate, is kept equal in 
both Lies br the common repulſion ; if che quatifity im ane ſide 
is Uminiſhed, the, flaid int ther other ſſde, being 2 70 led, 
retires inward, and leaves that ſurface alſo. minus. 
Stier changes, ple an miu, may be de te urface, 
that havd pos ſtrengtbeto act on the the ſide, by repulſion, or 
by Nuert repulſion; 4hirough.. the glaſes and ſo plus dae 
may be given ti he ſurface; and minus to the other in ſome. de- | 
Sece. Barh fades may allo. be NR 1 both inn, DY 
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| tation of the 
. glaſs were repeated by 
E with ſucceſs. 
3 | loſes its le : cicity very „ fowl; W tha vid a 
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and a fowne/7 in the electric fluid paſſing through electric ſub- 
ſtances, as was mentioned before; and conſequently Mr. Wilſon 
ſeems to have an advantage in the controverſy : for, as he ſays, 


Paſſing 5 though ever ſo ſlowly, is a real paſſing 
Og un N » htte | 


FE, 2 
of 


as to repel one another ; yet, that, if the ball be forcibly brought 
within two, three, or four lines of the conductor, it will be at- 
tracted by it; and be repelled again, if it be forcibly puſhed be- 
yond that limit of attraction. If the ball be confined to move 
within the ſame ſmall diſtance, a moderate electrification of the 


conduRtor will repel the ball to its utmoſt limit; but a ſtronger 


ele&rification of the conductor will cauſe it to be attracted. He, 
therefore, limits the general maxim, that bodies poſſeſſing the 
fame kind of electricity repel one another; and aſſerts, that this 


will be the cafe, only when the quantity of electric fluid belong- 


ing to them both, as one body, is greater, or leſs than that 


which is natural to Seeger This experiment e ee 
lar attention. e 


1 rern who has contributed ſo largely to ſeveral 


of che ſections in this co ge furniſhes-' a few articles which 
well deſerve a place in this 

He thought i it was evident; hay ih: FOO fluid OY to 
move in a right line, becauſe a longer ſpark may be taken in a 


direct line, from the end of a long conductor, than can be taken 
from: the fame place in any other direction. But he thought it 


1 * Phil Tranſ. Vol. 53. p. F YE Tentamen, p. 146, | 
= 4 A x was 


* has Sil; by a exriovs perten ** if a me- 
 rallie conductor and a cork ball be both electrified poſitively, fo 
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whe iſt: more evident, from obſerving, both in the air, and in 
vacuo that, preſenting the finger, or a braſs ball, at a proper 

diſtance, and in a certain angle with the conductor (Which ex- 
pętience will ſoon find) the electric ſpark will make an exact 
curve, to which the conductor produced will be a tangent: as if 
the electric matter was acted upon by two different forces, one 
its on acquired velocity, urging it forward in a right line; the 
other the attraction of the body e to it, which throws 4 ie 
owt of the right line. * 

INI. his obſervations on . bodies, ks: Dake hat. two- 
— bodies, equally ſharp, in their approach to an electri- 
conductor, will appear luminous en at half the diſtance 
auch one of them would have done. + Tf 

Tux ſame 1 ingenious [philoſopher reports. a. curious, but mY 
experiment which he made on a live cock. He detached the 
belly of one of the muſcles from the thigh of the animal, leav- 
ing the extremities in their proper inſertions, and then diſcharg- 
ed a ſhock through it. At the inſtant of the ſtroke, the leg 
was violently diſtended, and the muſcle greatly inflated ; the 
motion beginning at the tendon, and the extenſion of it reſem- 
bling the opening of a 2 s fan. No pricking with a Pip: could 
make it act ſo ſtrongly. 4 

I uus not omit to mention, in this chapter of miſcellaneous 
experiments, what the Dutch, writers have reported concerning 
the Gymnotus, a fiſh peculiar to Surinam, which very much 
reſembles What naturaliſts relate eoncerning the Torpedo. Mr. 
Muſchenbroeck ſays, ' the gymnotus is poſſeſſed of a kind of 

natural electricity, but different from the common electricity, in 
that perſons who touch it in water are ſhocked, and ſtunned by 


* Elettriciſmo artificiale,, p. 36. + Ib. P. 67. Lettere dell ellettriciſmo, p. 129. 
2 it, 
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it; fo as to be in danger of drowning. The fiſh has been taken, 
and put into a veſſel; when experiments were made upon it at 
leiſure; and it was found, that it might be touched with all 
ſafety with a ſtick of ſealing wax; but if it was touched with 
the naked finger, or with a piece of metal, and eſpecially a gold 
ting, held in the fingers, the arm was ſhocked as high as the 
elbow. If it was touched with the foot, the ſenſation reached 
as high as the knee, and the pain was as great, as if the part 
had been ſtruck with ſomething hard. This kind of eleg tricity 
is the ſame by night or by day, when the wind is in every direc- 
tion, when the fiſh was put in veſſels of any materials, and 
whether it was in water or out of water. Every part of the 

body of the fiſh is capable of giving this ſhock, but more eſpe- 
cially the tail. The ſenſation is the ſtrongeſt when the fiſſ is 
in motion. and it is tranſmitted to a great diſtance; ſo that if per- 
ſons in a ſhip happen to dip their fingers or feet in the ſea, when 
the fiſh is ſwimming at the diſtance of fifteen feet from them 
they are affected by it. Other fiſhes, put into the ſame veſſel 
with it, preſently die; but it is itſelf killed by the lobſter. 
The gymnotus is found in the upper part of the river of Surinam, 
particularly the rocky part of it. It feeds upon all kinds of fiſh, 
and will even eat bread. This author propoſes as a query 
whether the ſenſation communicated by the torpedo does not 
depend upon a ſimilar electricity; ſince Monſieur Reaumer ſays, 
that when it is touched, the hand, arm, and ſhoulder are ſeized 
with a ſudden ſtupor, which laſts for fome- time, and is De 
any other ſenſation, * 


Tris gymnotus, I ſuppoſe, i is a different fiſh from the Ava 


7 Muſchenbroeck's Introd. ad philoſoph. naturalem, No. do geg 
Y | „ le 
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tremblunte, the trembling cel, which is alſo a native of Surinam; 
and lives in marſhy places, from whence it cannot be drawn, 
except when it is intoxicated. It cannot be touched with the 
hand, or with a ſtick, without feeling a terrible ſtun, which 
reaches as high as the ſhoulder. If it be trod upon with ſhoes, 
the legs and thighs are affected in à ſimilar manner. Fourteen 
eee eee hands, and the firft of them touching with a 
ſtick, they were all ſhocked violently. It is conjectured. that 
his! power of giving a ſhock reſides in two Is ma are 
particularly prominent and conſpicuous. *:. 

Tr is to be regretted, that none of the ſided ins _ 5 
experiments on theſe fiſhes ſhould have endeavoured. to aſcertain 
whether they were capable of exhibiting the phenomena of at- 
traction and repulſion, or the appearance of electric light, as ex- 
periments of this kind are of het eros and muſt have 
en en bre r pee an 3 65817 Mane 


Ms. Mani wool, profeſſor of Philoſophy at the Wd of 
Dublin, made a curious experiment with a wire five or fix inches 
long, fincly pointed at each end. To the middle of this wire 
he fitted a braſs cap, which reſted on the point of a needle 
communicating with the conductor. Half an inch at each ex- 
tremity of this wire he bent, in oppoſite directions, perpendi- 
cular to the reſt of the wire, and in the plane of the horizon. 
The conſequence of electrifying this apparatus was, that the 
wire would turn round with very great velocity; moving, as 
he ſays, always in a direCtion contrary to that in which the elec- 
tric fluid iflues from its Point, without having any candue tin s 


P. Fermin's Nat, Hiſt, of Surinam, p. 59˙ 
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ſubſtance near it, except the air. He alſo obſerves, that if this 
wire were made to turn the contrary ways it Wan 1280 me turn 
as before. * | 

Tux ſame experiment was alſo made by Mr. Kinnerſley of 
Boſton, with this addition, that he electrified the wire negative- 


ly ; and obſerved, to his great ſurpriſe, that it ſtill turned the 


ſame way. This he endeavoured to account for by ſuppoſing 


that, in the former caſe, the points, having more electricity than 


the air, were attracted by it; in the latter caſe, the air, e 
more than the points, was attracted by them. F e 

Ir may, by ſome, be thought that this pointed wire turning 
the ſame way, whether it be electrified negatively or poſitively, 
is a proof that the electric fluid iflues out at the points in both 
caſes alike, and by the reaction of the air is, together with the 
points, driven backwards; contrary to what ought to have been 
the caſe if the electric fluid had really iſſued out of the point in 


one caſe, and entered it in the other. But it will be found by 


experiment, that an eolipile, with its ſtem bent like the wire 
above-mentioned, and ſuſpended on its center of gravity by a ſine 


thread, will move in the ſame direction, whether it be throwing 


ſteam out at the orifice; or, after it is exhauſted, aus wn 
it be drawing the air, or water in. 

Wir n reſpect to the power of points, it t has been obſerved by 
Mr. Villette of Liege, that a needle, concealed in a glaſs tube, 
which projected an inch beyond it, took a ſtronger ſpark from a 
prime conductor than a man's finger; alſo that when the points 
of needles are covered with tallow, bees wax, ſulphur, &c. they 
take peculiarly ſtrong ſparks. He adds, that, when ſulphur is 


* Phil, Tranſ. Vol. 51. pt. 2. p. 905. 5 Phil. Tranſ. Vol. 5 3. pt. 1. p. 86. 
uſed 
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uſed, and the ſparks are taken obliquely, they are fometimes of 
a beautiful citron colour. * 1 ü 
Mx. LurLIx has made an additional obſervations to Mondeur 
du Faye's, concerning the different manner in which conducting 
and non- conducting ſubſtances are affected, when they are ex- 
poſed to the dew. He ſays, that if a plate of glaſs be extended 
upon ſilken threads, and expoſed to the open air all night, and 
a a plate of metal, leſs than the glaſs, be laid upon it, in the 
morning, the metal will be dry ; and likewiſe the glaſs, on both 
ſides, exactly under the metal; but that the edges of the glaſs, 
where, tha metal did not res. will be + wet on both ſides. ＋ 


* SHALL _—_ = 8 of a articles, and the 
whole hiſtory of electricity, with a ſuccin& account of ſome of 
the chief particulars in which the analogy between electricity 
and magnetiſm conſiſts; very nearly as it was drawn up, in an 
abridgment of ÆEpinus, and communicated to me for this Rare 
poſe, by Mr. Pricſe. 

1. As a rod of iron held near a magnet will have 8 ſuc- 
ceſſive poles; ſo will a glaſs tube touched by an excited tube 
have a ſucceſſion of poſitive and negative parts. 

2. Bopies poſitively and negatively electrical, when in con- 
tact, will unite to one another; as will magnets, when they are 
laid with their oppoſite poles to one another. | T7 

3. GLass is a ſubſtance of a nature ſimilar to hardened ſteel. 
The poſitive and negative ſides of the former anſwer to the at- 
tracting and repelling ends of the latter, when magnetical. 

4. 4 it is difficult to move the electric fluid i in the pores of 


© Nollet's Letters, Vol. 3. p. 212, + Ib. p. 54. 


the 
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the former ; ſo, likewiſe, it is difficult to move the Peer 
fluid in the pores of the latter. 


5. As there can be no condenſation of the cleric fluid in the 
former, without a tarefaction; ſo, in the latter, if there be-a 
condenſation, or poſitive magnetiſm in one end of a bar, there 
muſt be an evacuation, or negative magnetiſm in the other end. 

6. STEEL correſponds to electrics per ſe, and i iron in ſome 
meaſure, to conductors of electricity. | 

7. STEEL is leſs ſuſceptible of the magnetic virtue, but when. 
it has acquired it, it retains it more ſtrongly than iron; juſt as 
electrics per ſe will not fo eaſily receive the electric fluid, but 
when. it is forced into them, will retain it more ſtrongly than 
_ conductors. 

8. EriNus adds, and . it one of his diſcoveries, that 
an electrified body does not act on other bodies, except they are 
themſelves electrified; juſt as a magnet will not act on any other 
fubſtances, except they are themſelves poſſeſſed of the magnetic 

virtue. So. that an electrified body attracts and repels another 
body, only in conſequence of rendering it firſt of all electrical; 
as a magnet attracts iron, only in . of, firſt of all, 

making it a magnet. 

9. Mx. CANTON has alſo found, that if the tourmalin bo cut 
into ſeveral pieces, each piece will have a poſitive and: negative 
fide, juſt as the pieces of a broken. magnet would have. 

Tuvs far, ſays Mr. Price, there is an analogy, and, in ſome: 
inſtances, a ſtriking one, between magnetiſm and electricity, 
upon the ſuppoſition that the cauſe of magnetiſm is a fluid. But 
there 1 is no magnetic ſubſtance which anſwers perfectly to the 
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F TER tracing, = 1 the progreſa of all T ak geo- 
veries relating to electricity, and giving an hiſtorical ac- 
count of them, in the order in which they were made; it will 
probably, be no diſagrecable repetition, if I give, at the cloſe 
of it, a SERIES or PROPOSITIONS, compriſing all the general 
properties of electricity, drawn up in as ſuccinct a manner as 
poſſible. And, notwithſtanding the large detail which has been 
made, it will be found, that a few propoſitions: are ſofficiogt to 
compriſe almoſt all that we know of the ſubjec t. 
TuIS circumſtanee may be regarded as a demonſtration of 
the real progreſs that has been made in this ſcience. And as 
this progreſs advances, and the hiſtory enlarges, paradoxical as 
the aſſertion may ſeem, this part may be expected to contract 
tel i in the ſame eee For the more we know. of any 

888 5485 c cience, 
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ſcience, the greater number of particular propoſitions are we 


able to reſolve in pot arg ang, $ confequently, within 
narrower bounds pot we be able to reduce its principles. 

I miGnT have made this part of my work much ſhorter, 
even in the preſent ſtate of the ſcience, if I would have admitted 
into it any thing theoretical; but I have carefully avoided the 
principles of any theory, even the moſt probable, and the near- 
eſt to being perfectly aſcertained, in this ſeries of propoſitions; 
in which I propoſe to comprehend only #nown facile; that my 
younger readers may carefully diſtinguiſh | © nds: "a and gs 
things which are too often confounded. 


I wave not, in this part of my work, deſcended to any 
nnutiæ in” the deſcription of electrical 'appearances, becauſe 
* have been entered into before, and a repetition of them 

would have been tedious. At the ſame time, I think it will 
be found, upon examination, that I have not omitted, to take 
abifice of any diſcovery of importance. I have alſo introduced 
Into it the definition of all the moſt neceflary technical terms; 
that this part of the work might ſerve as a methodical, and 
fuffieient introduction, to thoſe who are beginning the ſtudy of 


electricity; and defire a general know] edge of the firſt elements. 


of the ſcience, before they enter. upon the detail of particulars, 
. will be beſt learned afterwards, from the hiſtory. 1 
By electricity, in the following Propoſitions, 13 would be 
meer to mean, only thoſe effefts which will be called 124 
trical; or elſe the ' unknown cauſe of thoſe effects, uſing th 
term, as WE uſe the letters (*) and d {y / in Algebra. ys: 8 


2 


. Left this] me of 8 * ſhould a prove a 5 aficiens jntrodudtion to the 3 of electri- 
: 40. T have ſince publiſhed a ſmall piece with this title. It contains a more familiar expli- 

cation of the fundamental principles of electricity, mixing theory with facts, and illuſtra- 
ing, chief, thoſe experiments which are the moſt entertaining, 
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All known ſubſtances are diſtributed by eledricians: into 
two! ſorts. Thoſe of one ſort are termed. electrict, or nan - 
ctunuucto 35 rr the * ene ene wi 
elifiriciry.”. 1 ein 11 ft [- 

METALS of all kinds, oe with, Feta ny and . are 
_ conductors.” 80 Aſo is charcoal, and other ſubſtances of: a fitni= 
lar nature, AS wilt -be- ſhown: at large in the laſt part of this work. 
All other ſubſtances; whether mineral, vegetable, or animal, are 
non- conductors. But many of theſe when they ate made very 
hot, as glaſs,” r oſin, baked wood; and, perhaps, all the reſt on 
which the experiment can be made in na en are conductors 
of electricity. eri W] urls! 5 otalnlni ac % uh²nmοg AI 

AE bodies, however, though in th ame Raterof: heat and 
cold, are not equally perfect Cedrics 8, or perfect conductors. Ve- 
getable and animal ſubſtances, for inſtance, in hein ſtate, 
are ſeldom perfect electrics, on account of the moiſture that is 
contained in them. And, independent of moiſture, there 18 

probably a gradation in all ſubſtances, from the moſt perfect con- 

ductors to tde moſt perfect non conductors ef electricity. 
3 is; the; property. ofall kinds of electrics, that when 3 are 
rub herb by bodies differing; from themſelves (in roughneſs. or 
ſmoothneſs chiefly) to attract light bodies of all kinds which are 
preſented to them ; to exhibit an appearance of light (which is 
very viſible in the dark) attended with a ſuapping noiſe; upon the 
approach of any conductor; and, if the noſtrils be ne, 
| I ape lke-that/af phoſpho | 

+ AN ele bſtange exhiditing — ae is faid in 
be excited, and ſome 


ne of them, particularly che tourmalin, are 
excited by heating and cooling, as well as by rubbing 

Ir is neceſſary, however, to a conſiderable excitation of: any 
electric, pak the ſubſtance againſt, which it is rubbed. (uſually 
Lect | = Ge 8 2 called 


3 | 3 


again, till they have been in contact wit 


nicating with the earth wheres n aue dean, in in. the 


duct a-way 


— — ——— — | 


| nication with the woes by means of. electrics, the friction has 3 
| bat little effe 


ese enger! bn Ia J 

eee wth e ehidyolicin to- be: les 
by it, and alſo-to:repel eee deen Wm. 
eee ERR earth West hey 
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then attract light bodies, and gire Tails attended with a ſnap- 


ping noiſe, like the electrics themſelves. But there is this dif · 
erence between excited and communĩcated eee cee 


its aowkeda power at once, onthe con 


diſcharged only from the past wbich wr adi conched by th the 
conductor, ot thoſe in the neighbourkoad of it ſo that the 
ſpark of electric fire is not ſo a nor the exploſion made by: 
parting With it p-ilpyd, from excite 35 U from communicated: 
electricity. 1d lien 01} U bas 210 ,. Ius 10 9601498 

ELECTRIC ſabflaucens brought into contact with excited elee- 

trics, will not deſteqy ry cleQricity ; -w ence it is that they 
are called non- conductors, becauſe they will not convey or con- 


\ e Is bed cauſe of electric '#ppeatances' in 
bodies. 47 164175 - bs. {1 2 B 01 79 5 of” 5 181 EEE Li C1 KI. 
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mal bodies, the pulſe is quickened, and perſpiration” increaſed ; 
and, if they receive, or part with their electricity on a ſudden, 
painful ſenſation is felt at the place of communication. 

Tus growth of vegetables is quickened by electricity. 

No electric can be excited without producing electric appear- 
ances in the body with which it is excited, provided that body 
be inſulated. 'For this inſulated rubber will attract light bodies, 
give ſparks, and make a ſnapping noiſe u pon the eee of a 
conduQor,” as well as the excited electric. 

Ix an inſulated conductor be pointed, or if a pointed n 
i communicating: with the earth be held pretty near it, lit- 
tle or 10 electric appearance will be exhibited; only a light 
will appear at each of the points, during the act of N 
and a current of air will be ſenſible from off them both. 

Tusk two electricities, viz. that of the electric itſelf, a 
0 of the rubber, though ſimilar to, are the reverſe of one ano- 
ther. A body attracted by the one will be repelled by the other, 
andehey will attract, and in all reſpects act upon one another 
more ſenſibly than upon other bodies; ſo that two pieces of glaſs 
or ſilk, poſſeſſed of contrary electricities, will cohere —_ to= 
gether, and require a conſiderable force to ſeparate them. 
urbr two electricities, having been firſt diſcovered by pro- 
docing's one of them from glaſs, and the other from amber, ſeal- 

ing wax, ſulphur, roſin, &c. firſt obtained the names of vitreous: 
and reßnout elettricity ; and it being afterwards: imagined that one 
of them was a redundancy, and the other a deficieney of a ſu ppoſ- 
ed electric fluid; the former (viz. that which is produced from 
the friction of ſmooth glaſs tubes or globes by the human hand, or 
@ common leathern rubber) obtained the name of poſitive; and the 
latter (viz. that which is produced from the friction of ſticks or 
Slobes of Alber, &c, or collected from the rubber of a glaſs 


giobe 
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Ir a conductor, not inſulated, be 2 — ig wing ; 
5 phere, that is, the ſphere of action, of any eleQrified. body, it 
acquires the electricity oppoſite to that * TR electrif 
and the nearer it is brought, the ſtronger oppoſi 
it acquire; till the one receive a ſpark from and then 
the electricity of both will be diſchargedd t. 
Tux electric ſubſtance which ſeparates the two cphduttors, 
poſſeſſing theſe two oppoſite kinds of electricity, is ſaid. to be 
charged. Plates of glaſs are the moſt convenient for this purpoſe, 
and the thinner the plate, the greater charge it is capable of hold- 
ing. The condudtoſs hag to. cack hde' of Ba: "Wiſs < are 
er . their coating. © ENT 26 4. 
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en al Levincighes 7 iti is 
a eee one ſide of the charged glaſs have a communicati- 
on with the rubber, while the other receives the electricity from 
the conductor; or man the ae n me. n ten, 
Tray: the rubbe.. | 

I follows alſo, that. this two Gee: of aha) aha ing ee 
are always poſſeſſed of the two oppoſite electricities that fide 


which communicates with the excited electric having the elec- 
vhich eee with the 


tricity of the electric, and . * 
enhber, thaaf ce rmbber}}. nf nh ng oandab Rp wy 

THERE is, ber ban "ig a very eager: Mi raction between 
; theſe two electricities with which the different ſides of the plate 
are charged; and, when a proper communication is made by 


means of conductors, a flaſh of electric light, attended with a 


report (which i is greater or leſs in proportion to the quantity 
1 n en Fommpnicated to ene ou the "a of the 
"ths Meine d conductors) 


Fd 
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 conduRors) is is perceived between them, and the Hein 
both fides is thereby diſcharged. _ | 


©: Tux ſubſtance of the glaſs, itſelf; in or upon which theſe oy 
tricities exiſt, is impervious to electricity, and does not permit 
them to unite; but if they be very ſtrong, and the plate, of 
glaſs ; very thin, they will force a paſſage through the glaſs. 
This, however, always breaks the glaſs, and renders it t incapa- 
ble of another charge. 

Tux flaſh of light, together with is exploſion beewerk the 
two oppoſite ſides of a charged electric, is generally called the 
electric ſhock, on account of the diſagreeable ſenſation it gives 
any animal, whoſe body is made uſe of to form the communica- 
tion between them. FT 
T ulis electric ſhock is always found to perform the circuit 
from one fide of the charged glaſs to the other by the ſhorteſt 
paſſage, through the beſt conductors. Common communicated 
electricity alſo abſerves the ſame rule, in its tranſmiſion from 
one body to another. | 

Ir has not been found that the electric ſhock, takes up the 
leaſt ſenſible ſpace of time in being tranſmitted to the greateſt 
diſtances. | | 

Tux electric ſhock, as alſo the common electric ſpark, diſ- 
places the air through which it paſſes; and if its paſſage from 
conductor to conductor be interrupted by non- conductors of a 
moderate thickneſs, it will rend and tear them in its paſſage; and 
in ſuch a manner as to exhibit the appearance of a ſudden expan- 
fion of the air about the center of the ſhock. 

Ir a ſtrong ſhock be ſent through a ſmall animal body, it will 
often deprive it inſtantly of life. | 
hee the electric ſhock is very 33 it will give pola- 
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rity to magnetic needles, and bometimes it revetles their 


les. | i «1 WH: EW 7648. 1141 5 7 $75.7 mT 187 
Great ſhocks, by which animals are killed, ate a to 
haſten putrefaction. ee een rd 20795 


ELECTRICITY and Jightdltig* are; in all Kept: the a0 
ming. Every effect of lightning tnay be imitated by electricity, 

and every experiment in electricity may be made with lightning, 
bpbeought down from the tends, by means of inſulated pointed 
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os: PHILOSOPHICAL | | THEORIES I obnF RAL, Aub THE 


THEORIES OF ELECTRICITY PRECEDING THAT. of DR. 
FRANKLIN. | 


NE of the moſt intimate of all aſſociations in the human 
mind is that of cauſe and efedf. They ſuggeſt one another 
with the utmoſt readineſs upon all occaſions ;, ſo that it is almoſt 
impoſlible to contemplate the one, without having 1 ſome idea of, 
or forming ſome conjecture about the other. In viewing the 
works of nature, we neceſſarily become firſt acquainted with 
appearances, or effects. We naturally attend to the circum- 
ſtances | in which ſuch appearances always ariſo, and cannot help 
W . Hhkh dConſidering 
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conſidering them as the cauſes of thoſe appearances. - Then, 
conſidering theſe circumſtances themſelyes as new appearances, 
we are deſirous of tracing out. other. circymſtanges that gave birth 
to them. Thus, obnſtantly afcending i 4 ain of cauſes and 
effects, we are led, at laſt, to the firſt cauſe of all: and then 
we conſider all ſecondary, and inferior cauſes, as nothing more 
than the various methods in which 3 fo + x0 cauſe acts, in 
- order to bring abdut his" ren deſigW. IAO ART ; 
Ix all ſcience, we firſt aſcend from particular to Senders. 
For nature exhibits nothing but particulars ; and all general 
propoſitions, as well as general terms, are artificial things ; 
being contrived for the-caſe f bur” conception and memory; in 
order to comprehend things clearly, and to compriſe as much 
knowledge as poſſible in the ſmalleſt compaſs. It is no wonder 
then that we take pleaſure i in this proceſs. Beſides, we actually ſee 
an nature a vaſt variety of effects proceeding - from the fame ge- 
neral principles, operating in different circumſtances; ſo that 
1 judging from appearances, "that nature is every where uniform 
With itſelf, we are led, by analogy, to expect the fame in all 
caſes; and think it an argument in favour of any ſyſtem, if it 
exhibit a variety of effects ſpringing from a few cauſes, For 
ſuch variety in — and ed Roy in Ny we _ 
| rally fee in nature. | 
"Having diſcovered! This cauſe of any appearance, it is s the 


buſineſs of phitoſophy' to trace it in All its effects, and to predict 
other fimilar appeatan 


rances. from ſimilar previous ſituations. of 

things. By this means, the true philoſopher, knowing what 
will be the refult of putting every thing, which the preſent 
ſyſtem Exhibits, into every variety of circumſtances, is maſter 
'of all the powers of nature, and can apply them to all the uſeful 
OY. * Thus does ne, as Lord Bacon obſerves, 


became 


III 


| s ſewer; and thus is the philoſopher capable of ori; 
in a more effectual manner, both for his own happineſs and. for 
ot Ame ana thee by e eee a gooc di 


> 1 i is — — 3 view of uy bulineſs of ales 
ſophy, that, in order to trace thoſe eireumſtances in which any 
appearance in nature is certainly and invar 


. 


ſtances attending ſunilar appearances: for on thoſe common cir- 
eumſtances, all that is common in the appearances muſt: depen 
And the eaſieſt poflible method, by which we can trace out the 

connection of cauſes and effects in nature, is to begin with com- 
paring thoſe appearances which are moſt ſimilar, where the dif- 
ference conſiſts in a ſir 


Which, in different N 
And when we have, by 


ances, is theteby perfectly known. 
his means, noted the whole effect of 
all the ſ eparate circumſta ces and ſituations of things, we _ 
eaſily judge of their effect in all poſlible conabinations. 
Hrxex analogy is our beſt guide in all obiloſophical.inneſtige 
tions ; J and all diſcoreries, v which were not made by mere acci- 
dent, . hays been made by the help of it. We: obſerve; a complex 
appearancs, attended with a proportionable variety of circum- 


ſtances and inter, We alſo ſee another appearance, in fore = 
reſpects fim fimilar, in others. diflimilar ; the ,circumſtances, | like - 


wiſe, fimilar and difhailar;in. the. fame, proportion; or we pur- 
poſely y vary the gircumſtances of the former appearance, and ob- 
ſerve what difference it occaſions. But, unleſs there be a very 
great analogy, or ſiwilarity, between them, ſo that the influ- 
ence of a ſingle circumſtance, or of a fem eite umſtances, can he 
Wy leparately, no \ probable weden ny re of their 
4 dis operation, 163 L 
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iably produced, it is 
chiefly uſeful to obſerve. what there i is in common in the circum- 


agle. circumſtance; the whole effect of 


vx 
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Be an al eee whe ate ber debut ant ok 
aWtoberely' at rundem, would never think of trying the influence 

of any circumſtance! in an appearance, unleſo, from ſome other 

analogies in nature, more or leſs! perfect, he had formed ſome 

icen What its influence would probably be; atleaſt, ' he muſt, 

in nature previouſly obſerved; have formed an idea 

ral poſble honeys and” try which of ther 


©: # 


r Will 
„ ty experiment, in 
3 any aofign, e to aſertain ſome hypotheſis. 
For an hypotheſis is nothing more than a preconceived idea of 
an event, as ſuppoſed to ariſe from certain eireumſtanecs, Which 
muſt have been imagined to have produced the ſame, or a ſimi- 
lar effect, upon other occaſions. An hypothe 8 abſolutely veri- 
fied ceaſes to be termed ſach, and is conſidered as a fact; though, 
when it has long been in an hypothetical ſtate, it miny continus 
to be called, occaſionally; by the ſame hame. 
Tux only danger in che uſe of "hypotheſes ariſes from making 
this tranſition too ſoon. And when an hypotheſis | is no longer 
conſidered: as a mere cron . pas but a real fact; a philo- 
ſopher not only ace ther by miſtakes” che lik 
of one particular appearance; bit, by its analogies, he miſtakes 
the cauſe of other appearances too, and i8 led into a whole ſyſtem 
of error. A philoſopher who has been ton g attached to a favourite 
hypotheſis, and eſpecially if he have diſtin guiſted himſelf by 'bis 
ingenuity in diſcovering or purſuing; it, will nat, Toibtithes? "be 
convinced of its falfity by” the plaineſt cvidence of fact. Thus 
both himſelf, and all his followers, are put üpon falfe Purkuits, 
and ſeem determined to warp the whole courſe of nature, to ſult 
their manner of concetving of its opetations.”"'? © een 
Bor, provided philoſopbers can be upon thelr guard againf 
850 e of vanity Ro DEE bs owned to be yery tempting) 


and 


1 244% ELECTHIQUNY- aa 


and againſt the obſtinacy which is the eondttange: of it r Jes 
theſes, and even a great variety of them, are certainly very pro- 
miſing circumſtances: to philoſophical diſcoveries... Hypotheſes, 
while they are conſidered merely as ſuch, lead perſons to try a va- 
riety of ede in in order to aſcertain them. In theſe expe- 
ments, new facts en ariſe. Theſe new facts ſerve to cor- 
wh ths hypotheſis which gave occaſion to them. The theory, 
thus corrected, ſerves to diſcover more new facts which, as 
before, bring the theory ſtill nearer to the truth. In this pro- 
greſſive ſtate, or method of approximation, things continue; 
lll, by degrees, we may hope that we ſhall have diſcovered all 
the facts, and have formed a perfect theory of them. By this 
perfect theory, I mean a ſyſtem of propoſitions, accurately de- 
fining all the circumſtances of every appearance, the ſeparate ad 5 
* of each circumſtance, and the manner of its operation. 

_ I'nave dwelt fo long upon this ſubject, becauſe 1 Sacks, 
that electricians have generally been too much attached to their 
ſeveral theories, fo as to have retarded the progreſs of real diſ- 
coveries. Indeed, no other part of the whole compaſs of phi- 
loſophy affords ſo fine a ſcene for ingenious: ſpeculation. Here 
the imagination may have full play, in conceiving of the manner 
in which an inviſible agent produces an almoſt infinite variety of 
viſible effects. As the agent is inviſible, every philoſopher is at 
liberty to make it whatever he pleaſes, and aſcribe to it ſuch 
properties and powers as are mot convenient for his purpoſe. 
And. indeed, if he can frame his theory ſo as really to ſuit all 
the facts, it has all the evidence of truth chat (as nature of thin 85 
can admit. 

WIVITXn che firſt electricians, cdeckriesl attraction was rech n 
hay means of unctuous effluvia emitted by the excited electric. 
"Theſe were ſuppoſed to faſten upon all bodies in their: way, and 
L872! * 
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to carry back with them all that were not too heavy. For, in 
chat age of philoſophy, all efflovia were ſuppoſed to return to 
bodies from which they were emitted; ſince no perſon 
er viſe, account for the ſubſtance not being ſenſibly 
nſtant emiſſion. When theſe light bodies, on 

faſtened, were arrived at the ex- 

ow! electric, a freſh e emiſſior hows the effluvia was 'ſuppoled to 
carry them back _—_— But this effect of the effluvia wras not 


berg F till ele trical ene had: Hove) r meet 


1 the doweiiaditn hiloſophy had a a5 nk 
400 the extreme ſubtilty of light, and other effluvia of bodies, 
was demonſtrated ; ſo that philoſophers were under no apprehen- 
ion of bodies being waſted by continual emiſſion, the doc- 

trine of the return of the Muvia was univerſally given up, as no 
longer neceſſary; and they were obliged to acquieſce in the 

unknown principles of attraction and — as ſuppoſed to 
be properties of certain bodies, communicated to them by the 
Divine Being, the mechanical cavle of mic they ſcarce at- 
emen. IB 
WuX Mr. Du Faye 1 Ae 450. Se ah Lenſes of 
learicity, which he termed the vitreous and[rgfnous electricity, 
he neceſſatily formed the idea of to diſtinct electric fluids, repul - 
ſive with reſpect to themſelves, and attractive of one another. 
But he had no idea of both ſpecies being actually concerned in 
every electrical operation, and that glaſs or roſin alone always 
produced them both. This theory, therefore, was as ante in 
its application as the other. 
WriLz nothing more was known of clefrieity but attraction 
and repulion, this general theory was ſufficient, The general 


 atiraQion of all bodies to all bodies was called (and by ſome ab- 
| ſurdly 
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furdly enough ſuppoſed: to be accounted for by) gravitation, and 
many ſuperficial philoſophers thought they had given a very good 
account of electricity, coheſion, and. magnetiſm, by calling 
them particulat ſpecies of attraction peculiar to gertain bodies. 
— 7 when electricity began to ſhow, itſelf in a greater variety 
of a ;ppearatices, and to make itſelf ſenſible to the ſmell, the ſight, 
ouch, and the hearing: when bodies were not only attracted 
and repelled; but made to emit. ſtrong ſparks of fire, atte! 
with à confiderable noiſe, a painful ſenſation, and a ſtrong phoſ- 
phorcal {ſmell ; electricians were obliged to make their ſyſtems 
more complex, in proportion as the facts were ſo. It was then 
generally ſuppoſed, that the matter of the electric fluid was the 
ſame with the chymical principle of fire; though ſome thought 
it was a fluid 1 5 which wy much reſembled that of fire; 
Zoulanger at their head, thought that the 
cleftric fluid was " mithing more than the finer parts of the at- 
moſphere, which crouded upon the ſurfaces: of electric bodies, 
when the groſſer parts had been driven * by the friction of 
the rubber... 

Tux great diflnulty © common to all theſe a was to a1. 
certain the direction of the electric matter. It is no wonder that, 
when electrical appearances | were firſt obſerved, all electric 
powers were ſuppoſed to reſide in, and therefore to proceed from 
the excited electric. Conſequently, the electric ſpark was firſt 
| imagined to be darted from the electrified body towards any con- 
ductor that was preſented to it. It was never imagined there 

could be any difference in this reſpect whether it was amber, 
glaſs, ſcaling wax, or any thing elſe that was excited. Nothing 
was thought to be more evident to the ſenſes than this progreſs 
of the electrie matter: What then muſt have been the aſtoniſh- 


- 


ment el all eleQricians, when they firſt obſerved Slechrie appear- 5 
ances 


[4 " 4 5 3 


. 5 ; 


| pearances were the ſame. To provide 


ISO 


Aeg eur an ** the baue rime. that it was de- 
monſttated, that the action 1 . wo rubber did not | prodycr, 5 


only called che ele gie fluid, . 


I this caſe, the current its not e lat to flow 
both from the conductor and the rubbei 3.8 | 


matter, they were obliged to ſuppc "I Shinto cavin ſtanding ap- 
pearances were nearly the ſame, the electric fluid was really re- 
ceived by the electrified body in the one caſe, and emitted by it 
in the other. But now, being obliged to give up: the argument 


for the manner of its progreſs from the evidence of- ſight, they 


were at a loſs whether, in the uſual method of electrifying by ex- 
cited glaſs, the fluid proceeded from the rubber to the conductor, 


or from the conductor to the rubber; and nothing was found to 


obviate theſe difficulties, till an excellent theory of poſitive and 


negative electricity was ſuggeſted by Dr. ian 


and illuſtrated by Dr. Franklin. 


IT was ſoon found, that the loads, at $68 wes was i 
reverſe of that at the conductor, and in all reſpects the ſame with 
that which had before been produced by the friction of ſealing 
wax, ſulphur, roſin, &c. Seeing, therefore, chat both the elec- 
tricities, as they had heretofore been called, were produced at 
the ſame time, by one and the ſame electric, and by the ſame 


friction, all electricians and among the reſt Mr. Du Faye him- 


ſelf concluded, that they were both modifications of one and the 
ſame fluid; and the old doctrine of the different mare was 
univerſally diſcarded, t. | 

+ Taz accidental diſcovery of the Codd ohial 1190 clean id "TY ; 
monſtratel the imperfection of all the theories preceding that of 


poſitive and negative electricity, by exhibiting an aſtoniſhing ap- 
| nen which no electricians, with the help of any theory, 


could 
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could have forclbei, and of which'they could here for rmed fie 
idea, a pri I 2867 quigongas I ow and. 2x: 3007; lud 
_  Vyox this great event, new theories of eleQricity ne 
apace, ſo chat it would be. to no purpoſe to enumerate them all. 
Indeed many of them were no more than the beings of a day. 
For no ſooner were they ſtarted, but the authors themſelves, 
upon the appearance of ſome new fact, faw reaſon to new model, 
or entirely reject them. I ſfrall, therefore, content myſelf with 
giving the outlines of ſome of the principal theories of 


electrieity, 
which have their adherents at preſent, without conſidering 


whether they took their riſe before or after this diſcovery. 
Wir ſome, and particularly Mr. Wilſon, the chief agent 
in all electrical operations is Sir Iſaac Newton s ether; which 
is mote or leſs denſe in all bodies in proportion to the ſmallneſs 
of their pores, except that it is much denſer in ſulphureous and 
inctuous bodies. * To this ether are aſcribed the principal phe- 
nomena of attraction and tepulſion, whereas the light, the ſmell, 
and other ſenſible qualities of the electric fluid are referred to the 
groſſen particles of bodies, driven from them by the forcible ac- 
tion of this ether. Many phenomena in electricity are alſo at- 
tempted to be explained by means of a ſubtile medium, at the 
ſurface of all bodies, which is the cauſe of the refraction and 
reflection of the rays of light, and alſo reſiſts the entrance and 
exit of this ether, F This medium, he ſays, extends to a ſmall 
diſtance from the body, and is of the ſame nature with what is 
called the electric fluid. On the ſurface of conductors this me- 


dium is rare, and eaſily admits the paſſage of the electric fluid; 


| Whereas on the ſurface of electrics it is denſe, and reſiſts it. 


This medium is rarified by heat, which conyerts non-conduc- 


Wp Dierntion, F 5+, 1 Hoden and Wige, r. 5 
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tors into conductors. * Or . this; 42 ry 1 ſhall make no Par» 
_— many; becauſe I . * that I FTIR on prel 
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principal concerned i * 1 ;of electricitz 
ough perhaps without reaſon, STI 3 
Sir lle Newton wart 5. or in oe” Wes f | 15 {e 1 


dinate part aur in che er nd among thoſe 
a fluid /i generic, there is a great diverſity of opinion de the 
mode of its exiſtence, and the manner of its operation. 

Tux i ingenious Abbe Nollet whaſe heory has been 4 
ſubject of debate than all the orher theoties before Dr. Franklin 8, 
ſuppoſes that, in all electrical operations, the fluid is thrown 


into two oppoſite motions; that the afiuence of this matter 


drives all light bodies before it, by impulſe,, upon the electrified 
body, and its Muence carries t 


em back again. But hei ems 
very much embarraſſed in accounting for facts where both theſe 
currents muſt be conſidered, at the ſame time that he is obliged 

to find expedients to prevent their impeding the effects of each 
other. To obviate this great difficulty, he ſuppoſes, that every 
excited electric, and likewiſe, every body to which electricity is 
communicated, has two orders. of pores, one for the emiſſion of 
the effluvia, and the other for the reception of them. A man of 
leſs ingenuity than the Abbé could not have maintained himſelf 
in ſuch a theory as this; but, with his fund of invention, he 
was never at a loſs for reſources upon all emergencies, and in 


bis laſt publication appears to be as aan for this ſtrange 
hypothaſi as at _ firſt. 
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kl more than once edle OT the thethibets"of 
— Sciences, to be witneſſes of ſome experiments, 


in which, he thought, there was a viſible efluence of the electri- 
val effluvia from the conductor, both; to the globe at onè of its 
exttemities, and to any non<eletttit/ preſented to it at the other: 
and their teſtimony was figned and regiſtered — — 
But it does not ſeem t6 the honout of Mr. Nollet, or thoſe gen- 
tlemen of the Academy, to be ſo very ee por # matter which 
does not admit of the evidence of ſenſe. ent HY BH 
Tun Abbe's confidence upon this ſubject is oe erbeb e. 
Theſe effects, Jays he; well confidered, and reviewed a thouſand 
times, in the courſe of thirty years, in which I have applied to 
electricity, make me ſay with confidence; that thoſe pencils of 
rays are currents of electric matter, which fly from the condue- 
tor towards the excited globe. This is ſo evident, that I would 
freely appeal to the ocular teſtimony of any unprejudieed perfon, 
vho ſhould ſee the experiments which'T have recited. But, ſays 
he, the fact in queſtion is contrary to a ſyſtem of electricity, | 
which ſome perſons perfiſt in maintaining.” They have the aſſu · 
rance ta tell me, that tho matter of tlie luminous pencil, in my 
experiment, moves in a directibn quite oppofite' to that which I 
ſuppoſe; / that it proceeds from the excited globe, and is from 
hence: thrown upon any non- electric within its reach. T In ano- 
ther place, he ſays, that the principle of ſimultaneous effluences 
and affluences is by no means a /y/em, but a ſact well proved. . 
Tur Abbe Nollet propoſes an hypotheſis to explain the diffe- 
rence between common electricity and the electric ſhock. All 
the effects of common electricity, he ſays, plainly ſhow, that the 
electric matter is animated with a progreſſive motio:: ' which 


ene. de Phyſique, p. 363; 395» +lbp. 363. Lettres ſur l' electricitẽ, p. 1 
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really carries it forwards; eren ide temarkebl6; vaſe of! The 
electric et n 0 to be an inſtantaneous percuſfion, which 
the contiguous parts of the ſame matter communicate to one 
another, without being diſplaced. Sound and wind; he ſays; are 
Falkner * 8 Gr 3.5 at would 4 Ing wag eee 


But ve ; 


om n — e 7 1% voy or wok 71 1011 
Ix muſt be acknowledged, that fat the greater part of the Abbe 
Nollet's arguments in fayou 'of his doctrine of effluences und-af- 
nces are very un ſutisfactory, and that lis method of accoùnt- 

ing for electrical attraction and repulfion; with other phenomena 
in electricity, by means of it, is more ingemious than ſblid. It is 
a great pit r this truly eroellent philoſopher had mot pen 


But it is in (ome meer the natural fnult of a diſpoſirion to 
Philoſophize. Sign. Nun 10 nor int 161 3d 07 lazqqa leit 
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"Mx. Du Tous e vpon chis hypotheſis of the Abbe 
Nollet, by ſuppoſing that there is a difference between the affluent 
and effluent current; and chat the particles of the fluid are throw 
into vibrations of different qualities, which makes dne of theſe 
more copious than the other, acediding as ſulphur or 
aſs 1s. uſed. Difficult as it is to farm any. idea of this hypotheſis, 
the author appears very much attached to as no doubt of 
e for Ml nn enen 4205 4 of rl u 
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Taz THEORY or POSITIVE any NEGATIVE. ELECTRICITY, | 


3 


HE | Engliſh phil, and Fe > the greater part ;" 8 
- foreigners too, have now generally adopted the theory of 
poſitive and negative electricity. As this theory has been extend- 
ed to almoſt all the phenomena, and is the moſt probable of any 
that have been hitherto propoſed to the world. I ſhall give 4a 
pretty full account of i it, and ſhow how it agrees with all the 
Rn of wed laſt part, & to > which i it has hitherto been appli- 
us Aber gerannr goes wy the name of Dr. Franklin, and 7 
here is no doubt of his right to it; but Juſtice requires. that 1 
diſtinctly mention the equal, and, perhaps, , prior claim of Dr. 
Watſon, to whom 1 have before ſaid it had occurred. Dr. Wat- 
ſon ſhowed a ſeries of experiments to confirm the doctrine of plus 
and minus electricity to Martin Folkes. Eſq. then preſident, Yn 
to a great number of fellows of the Royal Society, fo earl 


the beginning of the year 1747, before it was known in England 
thatDr: Franklin had diſcovered the ſame thing i in America. See 
the Philoſophical Tranka@ions, V Vol. 44 p. 7395 and Vol. 4 5. P- 
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1s 0 95 — Dt. Pranklin's paper, containing the ſame diſcos - 
8 . very, Was dated at Philadelphia, June the iſt. 1747. EF 
' ACCORDING to this theory, all the opetations of electricity de- 
pend upon one fluid Hui generis, extremely ſubtile and elaſtic, dif. 
perſed through the pores of all bodies; by which the particles of 
It are as ſtrongly attracted, as they are repelled by one another, 
Wurn the equilibrium of this fluid i in any body is not diſturb- 
ed; that is, when there is in any body neither more nor leſs of ; 
it than its natural ſhare, or than that quantity which it is capa- 
ble of retaining by its own attraction, it does not diſcover itſelf 
to our ſenſes by any effect. The action of the rubber upon an 
electric diſturbs this equilibrium, occafioning a deficiency of the 
1 in one place, and a redundancy of it in another. 
TuISs equilibrium being forcibly diſturbed, the mutual repul⸗ 
ſion of the particles of the fluid is neceſſarily exerted to reſtore 
it. If two bodies be both of them overcharged, the electric at- 
| moſpheres (to adopt the ideas of all the patrons of this hypothe - 
ſis before Æpinus) repel each other, and both the bodies recede 
from one another to places where the fluid i is leſs denſe, | For, as 
there is ſuppoſed to be a mutual attraction between all bodies and 
the electric fluid, electrified bodies go along with their atmoſ- 
pheres. If both the bodies be exhauſted of their natural ſhare 
of this fluid, they are both attracted by the denſer fluid, exiſting 
| either in the atmoſphere « contiguous to them, or in other neigh- 
bouring bodies; which occaſions them ſtill to recede from one 
another, as much as when they were overcharged. Ty 
"Sow of the patrons of the hypotheſis of poſitive and negative 
. | electricity conceive otherwiſe of the immediate cauſe of this re- 
7 | pulſion, They ſay that, as the denſer electrie fluid, ſurrounding | 
A | two bodies negatively eleftrified, acts equally on all ſides of thoſe 
| bodies, it cannot occaſion their repulſion, Is not t the repulſion, 
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ſay they, owing rather to an ebnen tion of the electrie fluid 


on the ſurfaces of the two. bodies ; 35 which accumulation i 18 produ- 


ced by. the attraction of the bodies, and the diffieulty the fluid 
finds in entering them? This difficulty i in entering is ſuppoſed 

to be owing, chiefly, to the air on the ſurface of bodies, which 
is probably a little condenſed there; as may appear from Mr. 
Canton's experiment above-mentioned on the double barometer. 


© LASTLY, if one of the bodies have an overplus of the fluid, 


and the 'other a deficiency of it, the equilibrium is reſtored with 
great violence, and all electrical ee between them 
are more ſtrik ing. A 

Tux influence of points in drawing; or a off the dee 
trie fluid has not been quite ſatisfactorily accounted for upon 
any hypotheſis, but it is as agreeable to this as any other. As 
it is evident that every electric atmoſphere meets with ſome re: 
ſiſtance, both in entering and quitting any body, whatever be 


the cauſe of that reſiſtance, it is natural to ſuppoſe, that it muſt 


be leaſt at the points of bodies hn there. are fewer: particles of 
the body (on which the reſiſtance depends ) oppoſed to its paſſage, 


than at the flat parts of the ſurface, where the ene n of 


a greater number of particles is united. 

Tux light which is viſible in electrical appearances is genendlly 
appoſed to be part of the compoſition of the electrie fluid, whic \ 
appears when it is properly agitated. But this ſuppoſition con: 
cerning electric light i is not veceſſary to the general hypotheſis, 
It may be ſuppoſed, upon this as well as Mr. Wilſon's theory, 
that the light, and the phoſpboreal ſmell, in electrical experi- 
ments ariſe from particles of matter much groſſer than the pro- 
per electrie fluid, but which op be driven from bodiea, by 
1 powerful action ne b eh 

Tux. ound of an cleried exploſion. is. erin produca by 
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the air being diſplaced by the electtie fluid, and then ſuddenly 
collapſing, ſo as to occaſion a vibration, which diffuſes itſelf 
every way from the place where the copies; was made. "Doo 
in ſuch vibrations ſound is known to conſiſt. - + 19209 gi bnd 
Bor the chief excellence of this theory of in td negas | 
tive electricity, and that which gave it the greateſt reputation, is 
the eaſy explication which it ſuggeſts of all the phenomena of the 
Leyden phial. This fluid is ſuppoſed to move with the greateſt 
eaſe in bodies which are conductors, but with extreme difficulty 
in electrics per ſe; inſomuch that glaſs i is abſolutely. impertneas 
ble to it. It is moreover ſuppoſed, that all electrios (and par- 
ticularly glaſs) on account of the ſmallneſs of their pores, do at 
all times contain an exceeding great, and al ways an equal quan- 
tity of this fluid; ſo that no more can be thrown into one part 
of any electric ſubſtance, except the ſame quantity go out at ano- 
ther, and the gain be exactly equal to the loſs. Theſe: things 
being previoufly ſuppoſed, the phenomena of charging: and dif- 
charging a plate of glaſs admit of an eaſy ſolution.- 1 4 
In the uſual manner of electrifying, by a ſmooth gad 1 R 
all the electric matter is ſupplied by the rubber from. all the bodies 
which communicate with it. If it be made to communicate 
with nothing but one of the coatings of a plate of plaſs,” while 
the conductor communicates with the other, that ſide of the 
glaſs which communicates with the nen muſt neceſſarily be 
exhauſted, in order to ſupply the conductor, which muſt con- 
vey the whole of it to the ſide with N it communicates. By 
this operation, therefore, the electric fluid becomes almoſt en- 
tirely exhauſted on one ſide of the plate, while it is as much ac- 
eumulated on the other; and the diſcharge is made by the elec- 
tric fluid cuſhing, as ſoon as an opportunity is given it, by means 
| of proper conductors, from the fide which -1 was overloaded to that 
which was exhauſted, 


Ir 
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x is not dy, however, to this « theory, 'that the very 
450 individual particles of electric matter which were thrown 
upon one fide of the plate, ſhould make the whole « circuit of che 
intervening” conductors, eſpecially in very great diſtances; ſo as 
actually to arrive at c che exhauſted ſide. It may be ſufficient to 
ſuppoſe, as was obſerved before, that the additional quantity of 
fluid diſplaces ha occupies the ſpace of an equal portion of the 
natural quantity of fluid belonging to thoſe conductors in the cir- 
cuit, Which lay contiguous to the charged ſide of the glaſs. 
This diſplaced fluid may drive forwards an equal quantity of the 
ſame matter in the next conductors; and thus the progreſs may 
continue, till the exhauſted ſide of the glaſs is ſupplied by the 
fluid naturally exiſting in the conductors contiguous to it. In 
this caſe the motion of the electric fluid in an exploſion will 
rather reſemble the vibration of the air in ſounds, than a current 
of it in winds. | | 

Ir will eaſily be . chat while the Gabiance: of 
4 glaſs is ſuppoſed to contain as much as it can poſſibly hold of 
the electric fluid, no part of it can be forced into one of the ſides, 
without obliging an equal quantity to quit the other ſide; but 
it may be thought a difficulty upon this hypotheſis, that one of 
the ſides of a glaſs plate cannot be exhauſted, without the other 
receiving more than its natural ſhare, particularly as the particles 
of this fluid are ſuppoſed to be repulſive of one another. But it 
muſt: be conſidered; that the attraction of the glaſs is ſufficient 
to retain even the large quantity of the electric fluid which is 
natural to it, againſt all attempts to withdraw it, unleſs that 
Eager attraction « can be ſatisfied by the admiſſion of an equal quan- 
tity from ſome other quarter. When this opportunity of a ſup- 
Ply is given, by connecting one of the coatings with the rub- 
ber, and the other with the conductor, Wer two ene to in- 
. 42 2% troduce 
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troduce more of the fluid into one of the ſides, and to take from 
it on the other, are made, in a manner, at the ſame inſtant. 
The action of the rubber tends to diſturb the equilibtium of the 
fluid i in the glaſs, and, no ſooner has a ſpark quitted one of the 
ſides, to go to the rubber, but it ĩs ſupplied; by the conductor on 
the other; and the difficulty with which theſe additional parti- 
cles move in the ſubſtance of the glaſs, effectually prevents its 
reaching the oppoſite exhauſted ſide; near as the two ſides are 


ä to one another, and eager: as is the end FI ppt 8 _ fluid to 80 
| whither it is ſo ſtrongly attraQted. War 
Ir is not faid, however, hut that . ade 'of che e glas may 

"ive or receive @ ſmall quantity of the electrie fluid, without alter- 

ing the quantity on the oppoſite ſide. It is only a very conſider- 

able part of the charge chat is meant, ene one fide i is an 

be filled, while the other is exhauſted. 1. 85 r 

: II is a. little remarkable, that the 8 guid, - add | 
=. bey other hypotheſis, ſhould ſo much reſemble the ether of Sir 

© ©» Iſaac Newton in ſome reſpects, and yet differ from it ſo eſſentially 

in others. The electric fluid is ſuppoſed to be, line ether, ex- 

tremely ſubtile and elaſtic, that i 18, repulſive of itſelf; but, i in- 

ſteadl of being, like the ether, repelled by all other matter, it is 

ſtrongly attracted by it; ſo that, far from being, like the ether, 

rarer in the ſmall than in the large pores of bodies, rarer within 

the bodies than at their ſurfaces, and rarer at their ſurfaces 

than at any diſtance from them; it muſt be denſer in ſmall than 

„ large pores, denſer within the ſubſtance of bodies than at 

their ſurfaces, and denſer at their ſurfaces than at a diſtance 

from them. But no other property can aceount for the extraor- 

dinary quantity of this fluid contained within the ſubſtance of 


clerics per ſe, or for the common e of all excited 
and ACE bodies. 


To 
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"To account for the attr: ien of light bodies, and other elec- 
trical appearances, in air of the ſame denſity with the common 
atmoſphere, when glaſs (which is ſuppoſed to be impermeable 
to ane -interpoſed ; it is conceived, that the addition 
or ſubſtraction of the electtic fluid, by the action of the excited 

lectrie, on on fide of the glaſs, occaſions (as in the experiment 
of the — phial) a ſubſtraction or addition of the fluid on the 

oppoſite ſide. The ſtate of the fluid, therefore, on the oppoſite 
fide being altered, all light bodies within the ſphere of its ation 
muſt be affected, in the very ſame manner as if the effluvia of 

the excited electric had actually penetrated. the glaſs, n 'S 

to the opinion of all electricians before Dr. Franklin. 
Tux manner in which clouds acquire their poſitive or negative 

Abe is not determined, according to this, or any other 
theory, with fufficient certainty. © Mr. Canton's conjecture is, 
that the air reſembles the tourmalin, and, conſequently, acquires 

its electricity by heating or cooling; but whether it gains or 

loſes the electric fluid in either ſtate muſt be determined by ex- 


periment. Signior | Becearia's theory of the Np of the 
elated at large. 


clouds has been Teas 
Tuts hypotheſis of poſitive and negative a has been 
adopted, and, in fome meaſure, rendered more ſyſtematical by 
Epinus, in his ene nn Tentamen T. e. Elec- 
trieitatit vt Lumet 1 i 
Hr has extended the property o of impermeability to a 
electries as well as gu, and Ans it in a better manner. He 
ſuppoſes impermeability to conſiſt in the great difficulty with 
which electrie ſubſtances admit the electric fluid into their pores, 
and the ſlowneſs with which it moves in them. Moreover, in 
conſequence of this impermeability of air to the electric fluid, he 
- denies the reality of ecki 8 and thinks, as was ob- 
l ſerved 
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ſerved before, that Dr. F an lin's the ory will do much x better 
without them. e þ | ; WY @ 

H thinks that all the PD of matter [nat A bee 4 one ano- 
a : for that, otherwiſe (fince all ſubſtances have in them a cer- 
tain quantity of the electric fluid, the particles of which repel 
one another, and are attracted by all other matter) it could not 
happen, that bodies in their natural ſtate, with reſpect to elec- 
os ſhould neither attract nor repel one another. 

Hr that reads the firſt chapter, as well as many other p 
his elaborate treatiſe above-mentioned, may fave a good dea 
time and trouble by conſidering, that the reſult of many of his 
reaſonings and mathematical calculations cannot be depended up- 
on; becauſe he ſuppoſes the repulſion or elaſticity of the electric 
fluid to be in proportion to its condenſation; which is not true, 
unleſs the particles repel one another in the ſimple reciprocal 
ratio of their diſtances, as Sir Iſaac Newton this deinonſiracesd; in 
the ſecond book of his Principia. 

Mx. Wil ckx, as well as Æpinus, adopts all PORE Nin 
ciples of Dr. Franklin's theory of poſitive and negative electricity, 
but thinks that no experiments which have hitherto been made 
ſhow which of the electricities is poſitive and which negative. 
Suppoſing, however, what is called poſitive to be really ſo, and 
that ſmooth glaſs, for inſtance, rubbed upon ſulphur attracts the 
electric fluid from it, he would account for it upon the ſame 
principles whereby water ſtands in drops on rough ſurfaces, but 
is diffuſed on ſmooth ones. The electric fluid, he would ſuppoſe, 
is more ſtrongly attracted by the ſmooth ſurface of the glaſs, and 
therefore diſſuſes itſelf over it, while it retreats from electrics of 
rougher ſurfaces. x But this explanation, I imagine, will give 
little ſatisfaction to een elericians; i! 1 4: ne 


* Wilcke, p. 65. 
MR. 
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Mn. Wirekx acknowledges there is great dif iculty in account- 
ing for the repulſive power of bodies electrifed negatively, and 
thinks that it obliges us to ſuppoſe, the mutual repulſion of Yi | 
homogenequs matter. Mr. V aitz, he ſays, was of the ſame opi 
nion. According to him, ther efore, bodies which have too great | 
a proportion either of the electric fluid, or of their proper con- 
ſtituent matter, muſt aid one another. In the former caſe, by the 
repulſion of the electric fluid, in the latter, by the repulſion of 
conſtituent parts of the bodies. Mr. Wilcke obſeryes upon this 
ſubject, that the attraction of light bodies to negative elec- 
tries cannot be owing: to the repulſive power of the electric 
fluid in the neighbouring air, driving them, or the electric 
matter in them to the place where there is a want of it; be- 
cauſe the velocity ought to decreaſe as it recedes from the impul- 
five power: whereas it is accelerated, as if it were attracted by 
the negative electricſ .“ 
Bur to this it may be replied, chat 2 . of impulſes, 
though every ſubſequent one ſhould be weaker than the preceding. 
will produce an accelerated motion. Beſides, the nearer the light 
body is to the negative electric, the nearer it is to the point where 
the equilibrium of the fluid is moſt deſtroyed; or the leſs force 
there is on the ſide of the electric to balance the force that drives 
the light body towards it, and therefore the eln auge 
muſt increaſe. 4b Hd en 
Mx, = pa WY 1 on the two 5015 icici ho 3 
rn both for its materials, and methodical arrangement of them, 
diſtinguiſhes three cauſes of excitation, VIZ. Warming, ligugfaction, 
and friction; and he adviſes, that we carefully _ be- 
tween Spontaneous and communicated electricity. By the former he 


2 Wilcke, p. 15, and Remarks on Franklin's Letters, P- 270 
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| cieariciry, though he e ext 
| manner different from the other patrons of that ſyſtemmm 


animals have been ſtruck dead without 
| lightning; aà vacuum being onl: 
. the air immediately ruſhing out * their lungs to fill it, whereby 


* 


0 Ab KnGATIvE - bn 


5 * . 


ted Velen Fit — ee of which, gy cham, is ea pa 


tively RUE and he other negative. Whereas 'rommunitar: 

eleQrivity is that ich- is ſuperinduced upon a body, or e 
a body, electric or non- electric, without its being previo fx 
heated, melted, or rubbed;.or without any 
5 it and any other body. This diſtinction is, in genetal, very ob- 
vious; but Mr. Wücke defines it mor 
| done before," and mentions Teveral n hi 


re accurately than it had bn 
hey are of 


(3 9 34 oc *h Xt 51 10 $31 2 7316 2 441 8041 2 2 u 
gemi BrecARLA altmits che eoryef boßtbeb and negative 
lains ſome electrical phenomena in 


HE ſuppo 5 that electrified bodies move to one another only 


the act of giving and roceiving the eleQric guide this ef- 


fect being produced by the electric matter making a vacuu 
its paſſage, and the contiguous air afterwards — and | 
thereby puſhing the bodies together. T This vacuum, he ſays, 
is very obſervable upon great exploſions of thunder, when 
being touched with the 
nly ſuddenly made near them, and 


? 


they are left 


cid and empty; whereas hen perſons are * 


perly killed by lightning, their lungs are found diſtended. ** 


"In confirmation of this hypotheſis, he ſays, that leſs motion is 


piven to bodies by electricity, as the air is excluded from them, 
and that in vacuo no motion at all can be given to them.] He 


alſo ſays, that no electric light i is viſible in a barometer in which 
there i is a perfect vacuum: whence he infers, that electric light 


. 


® Lettere/dell' elettticiſmo, p. 36. + Ib. p. 4. 1 Ib. p. 4. Ib. P. 48. 


due. II. ELEC TRACTEYD; 0 
— by means of foros viirafins wh 


2 613 10 40: t. d e Its 


N ib-oxcites'i in 
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4 and ĩt is bertainly not fact, that there. is noclerie gn i is 
n wy nnn gterafiion; in vac r b nr vg 

Ee —— chatthe cleric CG eum — — 
| ueber ee e ee nnen na * * 
points & bodies; ; rs — it. — de — diſu pate. 
there. But this does not ſeem to touch the real difficulty. 

DR. FRANKLIN the author of this excellent theory of poſitive 
and negative electricity, with a truly philoſophical greatneſs. of 
mind, to which few perſons have ever attained, always: mentions: 
it with the utmoſt diffidence. Every appearance, ſays he, which 
I have yet ſeen, in which glaſs and electricity are concerned, are, 
1 think, explained with eaſe by this hypotheſis. Vet, perhaps, 
it may not be a true one, and I ſhall be obliged to him who af- 
n me a better.. _ 

Ix is no wonder, indeed, chat this 8 nhbiloGpher mould 
treat even his own hy potheſis with ſuch indifference, when he had 
ſo juſt a ſenſe of the nature, uſe, and importance of all hypotheſes. 
Nor is it, ſays he, of much importance to us, to know the manner 
in which nature executes her laws. It is enough if we know the 
laws themſelves. It is of real uſe to us to know that china left 
in the air, unſupported, will fall and break; but how it comes 
to fall, and why it breaks, are matters of ſpeculation.. It is a. 
pleafure indeed to know them, but we can E aur wan 
without it. FE HE) gu rugs 


2 0 4" Ib. p. 50. 9 + Franklin's Letters, p. 78. 2 7 1b. p. 59. z f 
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N NVINCED; as the reader may have perceived m, 
of the uſefulneſs of various theories, as ſuggeſting a variety 
of experiments, which lead to the diſcovery of new facts; he 
will excuſe me, if I recall his attention to the old theory ef 
vitreous and reſinous electricity, as ĩt was firſt ſuggeſted' by Me. 
Du Faye, upon his diſcovery of the different properties of excit- 
ed glaſs, and excited amber, ſulphur, roſin, &c. and as it has 
been new modelled by Mr. Symmer. To ſhow my abſolute im- 
partiality, I ſhall, notwithſtanding the preference I had given to 
Dr. Franklin's theory, endeavour to repreſent this to as mt 
advantage as poſſible, and to do it more juſtice than has yet been 
done te it, even by Mr. Symmer himſelf; who, as T obſerved 
before, has fallen into ſome miſtakes” in his application of it. 
Indeed, hitherto very little pains. has been taken with this 
theory, nor has it been extended to any great eee of pheno- 
MEA; {4 3 13 ei Maine een FE ys 
Lr us 2 the, that 8 electric fluids, which 
have a ſtrong Namen Me wie 108 ders at the fie time 


# 
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that the Perdlele of eich ke is ſtrong y repulſive of one ahothef. 
Let us ſuppoſe theſe two fluids, in ſome meaſure, equally at- 


tracted by all bodies, and exiſting in intimate union in their 


_ pores, and While they ce n atinue; in this union to exhibit no mark 
of their exiſtence. 


Let us ſuppoſe that the friction of any elec- 
tric produces a ſeparation of theſe two fluids, cauſing (in the 
uſual method of electrifying) the vitreous electricity of the rub- 
ber to be ee e to the 3 and the reſinous electrici- 
1e Con conveyed to the 'rabb er. The rubber 
will then have a "Rouble ſhare of the We electricity, and 
the conductor a double ſhare of the vitreous ; ; fo that, upon 
n ee no —— whatever can have a greater or leſs 


ren —_— man wen f 


8 5711! 5 tre 581 Fer) * 


; rind ee guide, wats ie are, will: begin to 
ſhow their xeſpective powers, and their eagerneſs to ruſh into rer 
union with one another. With whichſoever of theſe fluids a num- 
| ber of bodies are charged, they will repel one another, they will 
be attracted by all bodies which have a leſs ſhare of that particu- 
lar fluid with which they are loaded, but will be much more 
ſtrongly attracted by bodies which are wholly deſtitute of it, and 
loaded with the other. Jn this caſe thay will ruſh together with 
great violence. To 7 em i 6 
Up this theory, every ele ꝙtrie ek Gange of VF, Do flu- 
i3s7oſhing cootrary, ways, and making a double current. When, 
for inſſ ance, I preſen t my finger to a conductor loaded with vitre- 
ous electricity. I diſcharge it of part of the vitreous, and return 
as much of the reſinous, which is ſupplied to my body from the 
earth. Thus both the bodies are unelectrified. the hays of the 
two powers, being perfect iy reſtored. |. 11 
22 AV HEN I preſent the Leyden Phial to 7 NL ar W 


quently 


of fling! de dach 34 onde Wadern erte 
en which is:conneftee) with the rubber, which returns ah 


times they will force a p: 


5 c nar te Ces athens 


ial qu reſinous electricity ſb that alli the vittedus 

eee of the fides; and alli che reſiuous to 
the other. Theſe two fluids, being thus ſeparated, attracb tone 
another very ſtrongly through the thin ſubſtatice of the interve- 
ning glaſs, and ruſh together with great violence, Whenever an 
opportunity is preſented, by means of proper:conduttors. Seme- 


flage through the ſubſtance of tlie glaſs 


itſelf; and, in the mean time, their mutual attractibn is ſtronger 
than any force that can be. applied to ang either off tlie 


fluiqs ſeparately: vi. 
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2) Hanxic:ftatel:thie 3 principles-of this aypbthdfixio#twd 
fluids; I ſhall now enter into a brief compariſon :of xtowithi that of 


a ſingle fluid, as explained by the 
electricity; that we may ſee which of them will acagunt for the 
ſame facts in the eaſier een, Yo 


of nituce-in'othenireſper 


_ liar Mo. though, they be 


. 


wi 18 05 its: mode of ope 


e, Mhich is atte 


22 A hs that ofione, though — fob bling diſagree: 
innumerab > caſas; ah — e ure 
vere to unite with, anc \counteri&t — — likewiſe 
agtbeable tothe oc ele 


mode of poſitiver:and negative 
© be n f ne 
ſhown to be abſolutely ineonfiftens with eter them get 


3 os 1 een rab 
—— Ainet ati:cobe 


on. 4s ao 


"AT 


ia not 


while thoſe ſuhr 


ſtances! are in Union! we Los: — — andi pert 


ever ſo remarkable: Mat, fon inr 
Birr | 


ſtance, 


+ bfr mD 0 Y pabr HE 


iti? d1wbiſve-ob the ſtoik ing properties ofithic:weid and all 
1 V5are united in a neutral alt i What powers in mature 
5 amen Hebei dde Ahe the vitreolie cacid, and phlogiſton 

7 Meta oa Re: ob me phĩtio air) und 
= F n 1 BB NU ht 
2 eDIJETEGS} ae 4 "Ul 0 An 184150 5 9101 
Tg two! fluids being ſuppoſed. the double current from the 
| robber. te the conducbor and fram the oonductor to the rubber is 


Arpaſiticn, „be Aion che rubber puts a ſingle fluid ĩdto mo- 
tien ãn one direction me might expect that, if there wert two 
fluid, which counteracted each other, they, would; by the fame 
operation, be made to move in contrary directions! Andla per- 
don whathasdacen uſod do Conceivr that a cingle: fluid may be 

made gtd move either ways vis from the co,ĩctor toithe-rub- | 
ber, or from the rubber to the conductor at pleaſure, accord- 
idg as a tough or a month globe is uſed, can / have much MP 
Q jeciondocthis-part- of the hypatheſis. 1 398169 ar fu 2 DU 910. 
i ADNMITHAHνννỹign this differant action gf the rubber and 11. 
electric upon the two different fuids; the manner of "conveying 
eledric atmoſpheres, ot powers tu bodies is the ſame! on this as 

on any other theorys and it is apprehended, that the pheno- 
mona of: negatioe electtieity ate pre ↄdaſily onteivediby the 
help ofa xeatfuid; than by no fluid at. all. Latleed De. Franks 
lin: himſelf ingenuouſiy acknowledges, thatche Was z long time 
puzzled to account: for bodies that (were: negatively! electrified 
repellinge one another; whereas Mr. Du Faye, MhO obſerved the 
Hittic fach Nad mo. difficult) about / ito ſuppoſing that he had 
Aiſecvered another «lelftticityj.l fimilar, With reſpect tothe pro- 
erties of elaſticity and -repalhon, ie the forhigt. at had ties: th ng 
35501851 EXT. > By 


Si 11 mee n 


wen bmi this: ſide © . rubber, anch is 
—— — — . 
which, by the ſameꝭ operati W Waren ann its 
refnous ęlectririty in return. ]) % e big age, 

ALL the vitreous electricity an thus bron ght to . of 


the plate of glaſs, and all the reſinous to the 0 
mena of the plate while ſtanding charged, n 
are, perhaps, more free from all difficulty han upon any other 


| nel af the ſides of the glaſs is conceived to 
ee, with One kind of electricity, and the other ſide with 
e other kind; the ſtrong affinity between them, whereby they 
attra each other with a force proportioned to their nearneſs, 
immediately ſupplies a ſatisfactory reaſon, why ſo little of either 
of the fluids can be drawn from one of the ſides Wen 
tic Ny. hoy 


hypotheſis. £18 When 


municating as much to the den Nee this fu >poſ 


ont half of:the a= being Rana with 1 ena 

the other half exhauſted. In the former caſe, every attempt to 
ithdraw the fluid from one of the ſides is oppoſed: by en 
powerful attraction of che other fluid on ene ide. Or 
the other hypotheſis, it is only o pp by.. e attract on of the 
empty pores af the glas... DS 
LAsrI v, the exploſion the diſchargo'of the ua be 
as much the appearance of two fluids ruſhing into union, in two 
oppoſite directions, as of one fluid, Procesding ui. in one di- 
rection. The ſame may be ſaid of the appearance of ev dd 
hos ler ks in which, upon [this -bypotheſis)-th he 
24 [iu 15 158 anno Oil if N i 1 L. 19 a ls ae 
(694: 1h 
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alway ſcuppoſed to pestwecbürteede bes from thei eleQric} or 
the electii ed body, and the other to ĩit .. to 2mefge 
of eee alen n en, tat os n both Gdes uf 


are chatetial objections to the doctrine of a 
ſingle fluid. 1 las even avs 2 be explained n 
a m .confiſten (with: itz but upon the ſuppoſition of two 
fluids, and two curr ts, the di n. of account ing for theſe 
ac ud d baidly have Oi curred. 1 11 itt (13644 $ A; 196 Bath | 

Tur phenomena of diſcharging a plate of plaſs, „upon the hy- 
potheſis of two fluids; arc indeed, injudiciouſly explained by Mr. 
Symmer; who ſuppoſes that the two fluids do not always make 
the whole circuit of the intervening conductors, but enter them 
more or leſs, from each ſide of the plate, according to the 
Krength af the charge. But upon this ſuppoſition, the fire of 
the ſmalleſt charge performs the whole circuit, as well as the 
fire of the greateſt, in air to reſtore: the) CRO_D of the 
eee ee aps n rn 

is almoſt neee 100 b ths > of pol 

ay * A — upon this theory 
er; It is equally eaſy, or equally difficult, 
to ſuppoſe one fluid : 80h and go out at the point of an e- 
Jectriſed conductor, at different times, as to ſappole that, of 
8 nis. one e goes out, and the other- | hal in, at the fame 
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THAT. bod es as: in electric ee muſt acquire 
contrary a is uy as eaſy to conceive - upon this, 
other bypotheſis. For, in this caſe; Vuppoſe:the 
elacified body 7 be poſſeſſed of the vitraous: electricity, all the 
vitredus Kaehneier of the e which i is brought near it will be 


"I by driven 
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driven backw rds, 
electricity will — eos 0 kak 0 Nee ae, | * 
between f he TWO electricities, i in theſe different Feet hath ſo | 
great, as to overcome the oppoſition to their union, occafioned 
by the attra tion, of the bodies that contained them, thy forms 
of their ſurfaces, and the reſiſtance of the interpoſing medium, 
they will ruſh together; an electric ſpark; will be viſible between 
them, and the electricity of both will appear to be diſcharged; 
the prevailing * of each being ſaturated with an equal 
quantity of the oppoſite kind, from the other Dir df $47 
_ Tris; hypothefis will likewiſe eaſily account for the difficulty 
of charging a very thick plate of glaſs, and the impoſſibility of 
charging it beyond a certain thickneſs: for theſe fluids at a 
greater diſtance, will attract one another leſs ae ; "tad at'a 
certain ſtill greater diſtance will not attract at all. . 
Havixd given the moſt favourable, view that * can ef this 
wes of two electric fluids, I ſhall, with the ſame fairneſs, 
make the beſt anſwer I am able to the. daes be jos tion that 
will probably be made to it. 
It, it be aſked, why the two fluids, RAVEN on the Girface of 
is globe, or in the electric exploſion, do not unite, by means 
of their ſtrong · affinity, and make no further 2 it may be 
anſwered, that the attraction between all other bodies and the 
particles of both theſe fluids may be ſuppoſed to das at leaſt; as 
ſtrong, as the affinity between the fluids themſelves; 3 ſo that the 
moment that any body is diſpoſſeſſed of one, it ogy! recru it itſelf, | 
to its uſual point of ſaturation, from the other. | 
""Bxs1D8s, in whatever manner it be that one of the electrir 


fluids is diſlodged from any body (ſince, upon every theory; the 


two electricities are always produced at the ſame time) the op- 


E electricity . by the fame action, be diſlodged from 
the 
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other ſubſtanee. Ad- (as upon the common theory 

r it be that diflodges the fluid from any — it will be 
ſafficiertt / to pres rent its return; oonſequently,. ſuppoſing? both 
the ſubſtances neceffarily to have a certain p oportion of electric 
matter, each m 


nay be imm ee Oe" hc WR was 
diſlodged from the n Ts nil usch to 
Tur rubber, therefore, at the ame of rden en its 
itreons electricity to chat part of the ſmooth. glaſs againſt which 
it has been preſſed, * 'and takes an equal quantity of the reſinous 
in return. The glaſs, being a non: conductor, does not allow 
this a rieity to enter its ſub- 


dditional quantity of vitreous elect 
ſtance. It is therefore diffuſed upon the ſurface," and, in the 
en of the globe, is carried to the prime conductor. There 
(as in the experiments begun by Mr. Canton, and proſecuted 
by Mr. Wilcke, &.) it repels the vitreous, and violently attracts 
the reſinous electricity; and (the points of the conductor favour- 
ing the mutual tranſition) the vitreous,” which abounds upon 
the globe, paſſes to the conductor; and the reſinous, which 
abounds on the neareſt parts of the conductor ruſhes upon the 
globe. There it mixes with, and ſaturates what remained of the 
vitreous electricity, on the part on which it flows, and thereby 
reduces ĩt to the ſame ſtate in which it was before it was firſt ex- 
cited. Every part of the ſurface of the globe performs the ſame 
office, firſt W nen . the nen and then 
wih the conductor. 

Tux ſolution of this difficulty will! likewiſe ſolve dat of Yu 
elearic exploſion, in which there is a colliſion, as it were, of 
the two fluids, while yet they completely paſs one another. 
For ſtill each ſurface of the'glaſs may be ſuppoſed to require its 
certain portion of cleric matter, and therefore cannot part 
with one ſort without receiving an equal quantity of the other, 
5 & TR | | It 


% 


6 ee conſidered alloy that the "ay through! which" refs 
2 atreadyilts natural quandley of eleSrtelty, fs: e 
being folly: — nee mbre g au- cht, the two 
fluids only ruſh to the places rom whence they had been for- 
cibly diſlodged, and where 1 nn . of the WIS 
waits to embrace them. a C4 ee een e 
MR. —— of a ane differed in 
reſpects: from that of the Abbe: Nollet. The Abbe, | however; 
according to his uſual, candour, -ſpeaks of him with; the higheſt 
teſpect; at the ame time, he ſtill _— an advocate; For. 
his old fayourite hypotheſis. eee ene een eee en #4 = 
MR. Ci6Na,: ne. purſued. be experiments a dined | \rotited of 
Mr. "Hoa obſerves, with reſpect to his theory; that it is 
not contradicted by any phenomena that are yet known, and that 
it ſuits ſome of them in a peculiarly clear and eleg it manner; 
particularly every thing relating to charging and diſcharging a 
plate of glaſs; all the experiments which ſeem: to ſhow a mutu- 
al attraction between the two electricities, when they are kept 
aſunder; and that curious experiment above-mentioned of Signi- 
or Beccaria, of diſcharging a plate of glaſs ſuſpended by a filken 
ſtring, without either touching or moving the plate. Yet, upon 
the whole, he declares in favour of Dr. Franklin's theory of po- 
ſitive and negative electricity, on account of its admirable ſim- 
plicity, and becauſe n ought n not to pms, 2 — 
without neceſſity. | 
Dx. FRaANKLin's theory, he ſays, ue ſolves al the 
caſes of the two electricities deſtroying one another when they 
are mixed; but doth not fo clearly account for their attracting, 
and counteracting one another when they are ſeparate. He con- 
cludes with ſaying, he doth not chuſe to ſay much on ſo very 
obſcure a queſtion, which has divided the opinions of very great 
| M mm men; 
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OA OBSERVATIONS oN TUR PRESENT STATE. oF 
| ELECTRICITY. 


\HAT real progreſs has been made in electricity, has, I pre- 
 & ſume, been ſufficiently demonſtrated in the courſe of the 
7 preceding hiſtory; that a great deal ſtill remains to be done, 
will, I think, be evident from this part of the work. Thoſe 
| perſons who think that nothing has been done to any purpoſe in 
Natural Philoſophy, or that the advances have been made very 
ſlowly, fince the time of Sir Iſaac Newton, need only read the 
preceding hiſtory, to be convinced, both that a great deal has 
been _ and that the progreſs in this Sag of knowledge, 

| Mmmz2 i inſtead 
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inſtead a being flow, "IO bord auningly rapid. To quicken | 
the ſpeed of philoſophers in purſuing this progreſs, and at the 
ſame time, in ſome meaſure, to facilitate it, is the intention of 
this treatiſe, and more eſpecially of this part of it. When a 
traveller imagines he is near his journey's end, he is little ſoli- 
_ citous about making diſpatch, thinking that, without any haſte, 
the labour of the day will quickly be over; whereas, if he find 
_ that, whatever progreſs he may have made, he has a-great deal 
ſtill te to make, he continues, or quickens his ſpeed. 
Tux principal reaſon why many ingenious perſons have ſo ſoon 
got to their ne plus ultra in philoſophical diſcoveries, has evi- 
dently been their attachment to favourite theories; which they 
imagined both accounted for all the phenomena that had been 
obſerved, and would likewiſe account for all that ſhould be ob- 
ſerved. Having therefore attained to the great object of a 
ſcience, and diſcovered the ultimate and moſt general principles 
of it, there was nothing more that was worth their notice; it 
being beneath men of genius to ſpend their time in diverſifying 
effects, when there were no new cauſes to be found. I hope 
that what has hitherto been ſaid concerning the nature and uſe 
.of hypotheſes, and about the progreſs and preſent imperfect ſtate 
of thoſe which reſpect electricity, will convince thoſe electri- 
cians who may not yet have been convinced of it, that our bu- 
ſineſs is ſtill· chiefly with /a#s, and the analogy of facts; that far 
too few of theſe have been diſcovered to aſcertain a perfect gene- 
. ral theory, and that all that the preſent hyx both ſes can do for us 
muſt conſiſt in ſuggeſting further experiments. 
I we look back upon the biſkory of electricity, 00 tondder 
the ſtate of facts and of hypotheſes at any particular period of time 
paſt, we ſhall ſee that there was always the ſame apparent reaſon 
for acquieſcing in what had been done, as at preſent. The theo- 
Conn Dy” ries 
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ties of the firſt eleftricians, lame int SY as U were, 


were yet ſufficient to account for all the facts they were acquaint- 
ed with; and as for other facts, they could have no idea or ap- 


prehenſion of e and therefore n not be e, en 


them. 25 

Mx. Dorun,: no Mi was as e folly ſatisfied ahh his Fray 
hypotheſis of the unctuous effluvia, as Mr. Nollet with his theory 
of affluences and effluences; or the greateſt part of the preſent 


race of electricians with that of poſitive and negative a „ 
Mr. Hawkeſbee, when he made his ſurpriſing diſcoveries con- 


cerning the properties of electric light, and many curious'circum- 


ſtances concerning electric attraction and repulſion, might very 


naturally think that little more was to be done. Indeed, who 
could have thought otherwiſe, when the ſcience was actually at 
a ſtand for ſeveral years after him? All that the indefatigable 


Mr. Grey (who made the great diſcovery of the communication 


of electric powers to bodies not electric per ſe) imagined to remain 
undone, were mere chimeras and illuſions. Mr. Du Faye, who 
made the diſcovery of vitreous and reſinous electricity, had no 


idea of the electric ſhock; and the German philoſophers, Who ; 
accidentally obſerved it, knew nothing of its moſt remarkable. 
properties. Notwithſtanding a great number of treatiſes on the 


ſubje& of electricity appeared png: after this diſcovery, and 
ſome of them very ſyſtematical, comprehending, no doubt, what 
the authors of them thought to be the whole of the ſcience, yet 


none of them had the leaſt idea of the amazing diſcoveries of Dr. 


Franklin, relating either to the Leyden phial, or to the nature 


of lightning. And though numbers of Dr. Franklin's admirers 


thought that he had exhauſted the whole ſubject, he himſelf was 


far from thinking ſo; and the hiſtory of electricity, ſince the | 


date 


* 
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date of his capita diſcoveries demonſtrates that his Cuſpicion was 
true. 8 
Ir may be ſaid, that there is a ze Fog dere in very thieks ahd 
therefore in electricity. It is true: but what reaſon is there to 
think that we have arrived at it. Mr. Grey might have uſed the 
ſame language above twenty years ago; but every body will, 
now, acknowledge, that it would have been above twenty years 
too ſoon: and yet, I think, it is evident, that Mr. Grey had 
really more reaſon to think he had arrived at the ne plus ultra of 
electricity, than we have to think that we are arrived at it. Time 
has brought to light a great number of incomplete, as well as 
complete experiments, and perhaps more of the former than of 
the latter; concerning all which, as he could have no knowledge, 
fo he could have no doubts; ſo that, though we know much 
more than he did; we, at the fame time, know how much more 
is unknown better than he could. Hitherto the acquiſition of 
electrical knowledge has been like the acquiſition of riches. The 
more we poſſeſs, the more we wiſh to poſſeſs; and, I hope, the 
more indefatigable we ſhall be to acquire the poſſeſſion of it. 
Ot thing extremely uſeful to the progreſs of further diſco- 
veries, is to know what has really been done by others, and 
where the ſcience ſtands at preſent. For want of this know- 
ledge, many a perſon has loſt his time upon experiments which 
be might have known had either failed or ſucceeded with others; 
and which it was, therefore, not worth his while to repeat. 
But the ſources of this kind of information are two much ſcat- 
tered, and too diſtant for moſt perſons to have acceſs to them. 
This was the firſt motive of the preſent undertaking, intended 
to exhibit a diſtinct view of all that has been done in electricity 
to the preſent time; and likewiſe the order and manner in which 
coy thing has been done ; that electricians, having a diſtinct 


idea 
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idea of what the progreſs of clerical knowled ge has been, 
might ſee more clearly what remains to be done, and what pur- 
ſuits beſt promiſe to reward their labour. 
INDEED it is almoſt impoſſible for any perſon to rid 0 hig. 
tory of electricity without gathering many hints for new experi- 
ments. When he has the whole before him at one view, he can 
better bring the diſtant parts together; and from the compariſon | 
of them, new lights may ariſe, When he ſees what experi- 
ments have failed, and what have ſucceeded ; what branches of 
the ſcience have been moſt attended to, and what things ſeem 
to have been overlooked; what has been diſcovered by accident, 
and what by theory ; ; when he ſees both the true lights which di- 
reed ſome happy diſcoverers, and the falſe lights which miſled 
others, he will have the beſt preparation for purſuing his own 
Inquiries. | 
To point out many of the 45 efderata i in the ſcience of de&ricity, 
I am ſenſible, will, for this reaſon, be ſuperfluous to many per- 
ſons, and probably to moſt who will have read thus far of this 
treatiſe: for ſufficient hints of them muſt have been ſuggeſted 
by the peruſal of the hiſtory. But if I have been anticipated in 
this part of my work by ſome of my readers, it will not diſpleaſe : 
them to find it; and to others the contents s of "this: chapter will | 
be peculiarly uſeful. OT 


Ir, indeed, I had conſulted | my reputation as a writer, or a 
philoſopher, I ſhould not have attempted this chapter at all. For 
not only will many of the articles which I ſhall now put down as 
defiderata in the ſcience be ſoon no lon ger ſo, and even young elec- 
tricians be able to give ſatisfactory anſwers to ſome difficult que- 
ries I am going to propoſe ; but many of them will probably ap- 
pear idle, frivolous, or extravagant ones ; and, i in a more ad- 
vanced ſtate of the ſcience, it will hardly be imagined why I put 


=. 


them 
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them down at all. But if this chapter by a means of haſtening 
ſo defirable an event, and of accelerating the progreſs of electri- 
cal knowledge, I am very willing that it ſhould, ever after, ſtand 
as a monument of my preſent ignorance, - 

„ THEsE thoughts,” to adopt the words of Dr. Franklin, with 
much more propriety than he himſelf firſt uſed them, * are many 
« of them crude and haſty, and if I were merely ambitious of 
e acquiring ſome reputation in philoſophy, I ought to keep them 
by me, till corrected. and improved by time and farther expe- 
* rience. But ſince even ſhort hints and imperfect experiments, 
« in any new branch of ſcience, being communicated, have often- 
« times a good effect, in exciting the attention of the ingenious 
4 to the ſubject, and ſo become the occaſion of more exact diſ- 
cc quiſitions, and more complete diſcoveries; you are at liberty, 
ſays he, to Mr. Collinſon, “to communicate this paper to 
whom you pleaſe, it being of more importance that knowledge 
« ſhould increaſe, than that Your fiend ſbould be thought, an #61 
% curate philoſopher.” . S 6 0 

I wol p not even propoſe to dum up the 1 queries 
upon the plan of thoſe of Sir Iſaac Newton, at the end of his 
treatiſe on Optics. Many of them are ſuch, that I have hardly 
the moſt diſtant expeRation of their being verified; but the at- 
tempt to verify them may poſſibly lead to ſome other diſcoveries 

of more importance. They are ſuch random thoughts as led to 

the new experiments I have made; and not having any more lei- 

ſure to purſue them myſelf, 1 freely i impart them to my reader, 

that he may make as much advantage of them as he can: being 

determined, upon taking leave of the ſubject, 70 write myſelf fair- 

Is th out, as Mr. Addiſon ſays; or, as as the Spaniſh vtiten ſey. to 
leave nothing in my imnkhorn. 


Harry would it be for ſcience, if all philoſophers 1 are 
engaged 
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engaged in the ſame purſuits, would make one common chapter 
of all their hints and queries: and greatly honoured ſhould I 
think myſelf if the preſent chapter in this treatiſe might be made 
uſe of for that purpoſe, and if, in futute editions of the work, 

it ſhould be looked into as the common receptacle of the preſent 
defiderata among the whole body of electricians, and of their im- 
perfect hints for new diſcoveries. With pleaſure ſhould 1 ſee each 
of them diſtinguiſhed by the name of ſome generous and illufthi- 
ous contributor. A few, the reader will find, have been . 
to my own, and are diſtinguiſhed in this manner. 

Maxx perſons can throw out hints, who either have not lei- 
ſure, or a proper apparatus for purſuing them: others have lei- 

ſure, and a proper apparatus for making experiments, but are 
content with amuſing themſelves and their friends in diyerſifying 
the old appearances, for want of Hints and views for finding new 
ones. By this means, therefore, every man might make the beſt 
uſe 5 his abilities 52 the common good. | Some 585 bi- 
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of $A and may not experiments be, hereafter, made 


where we ſhall have the exploſion, the ſhock, and the other ef- 
fects of electricity, without the light ? Is the electric light ever 


viſible except in vacuo? In the open air the electric fluid makes 
itſelf a vacuum in order to its paſſage. 

 CoLLECT the electric fluid, not from the 3 maſs of the 
ak but from bodies of particular kinds, and obſerve if i it have 


any different properties, with reſpect to light, &c. 


Is it exactly the ſame at ſea, as on land; below the ſurface of 


the earth, N apoyve it, &C. Sc. &. E En 3 
WEEDS = YR. 


4 
7 * 3 4 
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D K. FRANk LIN obſerved, that iron was coivadtiaf by being 
expoſed to repeated electric ſparks. Muſt not this have been ef- 
feed by ſome geid What other mars are there of am acid in 


the electric matter Meyn not; its et aun = ane 
| ed one? jon bras 4211 5 238 #8 , (20971 122180 3.24 10 11 1165 
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ls there only one cledric fuid, or are there two 2 Ori there 
any electric fluĩd ai generis at all, diſtinct from the ether-of Sir 
lac Newton? If there n in oO alpen of differ from 
the etherd cee co 21 mont Nl 
Anz the 3 which affect the, organ of fanelling, wal 


28 ile particles of light, parts of the proper, electric fluid, or are 


they: tnerely adyentitious, being, ſome way or other. brought 
intb action by electricity ail 017, 20a facvmmion viinglaiv 
Dos not ſome . 
Iſaac Newton ſuppoſes to be continually flying from the ſurfaces 
of all bodies, conſtitute the electric fluid 3 as others, he imagined; 
conſtituted the air, and others the ether, &c. ? t nndtod ey 


Is it probable that there is even any tempotary, /enigrowing 
addition to, or [diminution of the whole ſtock. of electricity? 


Wnuxxecn ariſes the elaſticity of the electrie fluid, ere 


ing to what law do its particles repel one another! dM. Price. 


Is not the electric matter the ſame With, or at leaſt, hath it 
lat er which: forms the 
ſolar atmoſphere, and produces the phenomenon called the zodi- 


not ſome near relation to that luminous 1 


| gcal light ; which is thrown-off principally, and to; the greateſt 


diſtance, from the equatorial parts of tlie fun, in conſequence of 


his rotation on his axis, extending viſibly i in the form of a lumi- 
nous pyramid, as far as the orbit of the earth; and which, ac- 
cording to Monſieur De Mairan's ingenious, and at leaſt, play- 
ſible hypotheſis, falling i into the upper regions of our atmoſphere, 
| is, collected chiefly towards thé polar parts of the earth, in con- 


Nnn 2 ſequence 
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particular order of the: particles, Which Sir 
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—— revolution, where it forms the auto: 


1 0 
3 - | renlis ??: 10% NOM a3 221691 5319 h5389q9" 0): Botha 
3 2 avitice do-hadbantladwel he electric fluid ; and the 
_ zodiacal Aiglit, the tails of cmets, the aurora borealis, light- 
ning, and artificial - wont ids as its various, and not very _ 
milar modifications ͤ- % inn 999% 
Dp not the ſulphareous ſmell.draw- our attention towards os 
vitreolic acid, the peculiar hiffing noiſe accompanying the electrio 
blaſt, ſpontaneouſly iſſuing, for inſtance, from the pointed wire 
Au fully charged phial, appears rather to mimic the exploſive 
I of deflagrating nitre; and may, acoordingly, without 
much violence; be ſuppoſed to ariſe from the nitrous aerial acid; 
violently commenſtruating with the phlogiſton, which it either 
meets with in the air, or which is conveyed to it by the electriſied 
body. Or, were we to adopt the hypotheſis of two diſtin elec- 
tric fluĩds, we might, by way of temperament, propoſe as a query, 
whether the nitrous acid, &c. may not be the conſtant concomi- 
tant of thoſe exploſive pencils of light, which are obſerved to dart 
from the points of bodies replete witli the vitreous electricity; while 
the ſilent and languid luminous ſpecks (reſembling the ſmall tip 
of a lighted match) appearing on the extremities of bodies endued 
with a reſinous electricity, may as probably indicate the accenſi- 
on of a ſulphureous matter, and conſequently the preſence of the 
vitreolic acid, the electric ſpark of exploſion - appeafin g on the 
approach of the two bodies, being conſidered as the effect, at leaſt, 
pang er the antun aGion of theſe two acids on Tag other, 
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im what does the difference between electries and-conduc- 


tors conſiſt ? In other words, what is it that makes ſome bo- 
dies permeable to the electric fluid, and n impermeable to 


it? 


ductors, and do they contain very much, or very little of the 
electric fluid? 


WHAT is it in the internal drucke of bodies chat ts. 


them break with a poliſh.? Perhaps all folid electrics do ſo. 
Has elaſticity any connection with nun, ſome cleQrics 
being extremely elaſtic ? 
© Wuar is the reaſon why, in ſome of Mr. Mnwkaſbee 8 expe- 
ximents, the electric light was viſible through a conſiderable 
thickneſs of very opaque electrics, as roſin, ſulphur, pitch, Gs 
but not through the thinneſt metallic conductors? 
Wuar ſimilarity is there in the proceſſes of calcination, vege- 
tation, animalization, and in ſome meaſure chryſtalization ; 
ſince all bodies which have gone through any of thoſe p proceſſes, 
and perhaps no others, are found to be electrics? 


ARE not both electrics and conductors more perfect i in their 


n in proportion to their ſpecific gravity ? 


i N not water conduct, electricity the beſt in its tate of 
greateſt 


mm 
=O 


ARz the pores of electric bodies ſmaller than thoſe of Fe 
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OR 8 ee condenſation and metals the leaſt in their greateſt ex- 


panſion, as ſhown by a pyrometer ? 

Conax the inviſible effluvia of water with the invidble 

effluvia of a burning candle, and alſo thoſe proceeding from 

other bodies, with reſpect to their power of conducting elec- 

8 ” ty. 15 ; l k ; heave 55 N 5 ; 220 5 AK 241 4 Fs 
OBsErve what degree of heat will diſcharge any given degree 

of electricity, in order to "as in what degree heat makes: air a 


conductor. TRE. 
RS | * 
7 4 „ - 
| Quentes AND HINTS CONCERNING > EXCITATION. 
BH: # a4 
MSFT 7 e 1 . CCF 151 {1 p 2 i I 7 


Widen! is the 3 in OM ti AraGture of electrics, 
that makes ſome of them excitable by 5 and others — 
heating and cooling ? | 1 15 
Wu r have friction, heating, cobliti and the ſeparation: af. 

ter cloſe contact in common to them all? How do any of 
them contribute to excitation? And in what manner is one, or 
the other kind of Oy probe by rubbers and ec of 
. ent ſurfaces? 

Is not Æpinus's experiments of orifing't two POR pieces 1 of glad 
nden when one of them contracts a poſitive and the other 
a negative electricity ſimilar to the experiments of Mr. Wilcke, 
concerning the production of electricity by the liquefaction of 
various ſubſtances in others; when the ſubſtance which melts 
ang: contracts is in one ſtate, and that which contains it is in 


45205 the 


ste. u. l ECTRYO 


may not the tourmalin and the air act upon one 1 and be 
in oppoſite ſtates ? „ 

Is not the circumſtance common to all theſe caſes, ſome 7 
fection of that ſpace near the ſurface of the bodies in which-the 
refractive power lies? When bodies which have been preſſed 
together within that ſpace recede from one another, more ſurface, 
and conſequently | more. of that ſpace is made, doth not. the elec- 
tric fluid flow into it from that body which has the leaſt | power 
of retaining it, and which it can permeate with the moſt eaſe ; ; 
when not being able to enter the ſubſtance of the other, it reſts 
upon 1 its ſurface ? 


Art not the particles of the electric and rubber thromn i into 


a vibration i in the act of excitation, which makes frequent re- 
cedings of the parts from one another, and thereby Promotes the 


effect above-mentioned ? $2 
Wuar 1 is the real effect of putting Willens or amalgam upon 


| the rubber? Do not thoſe ſubſtances increaſe the power of ex- 


Li 


citation, a8 conductors more diſtant from the ſmooth glaſs, in 


ſurface of the rubber ? 


Has that difference of ſurface on which colour depends any 
influence upon the power of excitation ? 


THE tourmalin and a veſſel of charged glaſs hermetically 


ſealed are both excited by heating and cooling. What other 


praperties have they i in common ? 
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the oppoſite ? And are not both theſe caſes fimilar to vibe excita- 
tion of the tourmalin, &c. by heating and cooling ? In this caſe 


the gradation of electries, than the ſurface of the leather? Or do 
they only make the rubber touch in more points, or alter the 
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Doxs eleQrification increas the exhalation of yapours either 
from cold or from boiling water? If it do, is the increaſed ex- 
halation the ſame i in all ſtates of the atmoſphere ? : 

Doxs not the cleric matter paſs e on the rice of 


bodies? 
Is the action of clectrifed bodies upon one another x more e pro- 


perly an attraction or a repulſion? ? 

Wovurp not continued eledrification promote putrefatiion. nt 

" In what manner is the mutual repulſion of two bodies elec- 
trified negatively performed? Is it by the attraction of the 
denſer electric fluid in the neighbourhood, by the quantity of it 
which may be ſuppoſed. to be accumulated on the ſurfaces of 
ſuch bodies in the manner deſcribed p- 430, or to the mutual 
egos: of the Tce of matter E, which the bodies conſiſt ? 
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iy "Quzntzs AND HINTS CONCERNING | THE rowan or 
ne” CHARGING | ELECTRICS. 


War is the real operation of condutines'] in coating cleric 
ſupſtances? 


: Wur 


Ste, II. IN ELECTRIC I TT. - 4s 


Wu may not one phial be charged by connecting it witk 


another (while it is charging) as high as if it were charged at 
the prime conductor? Or by what rule muſt the force of thoſe 
different chargings be eſtimated? To all appearance, two phials 


charged together, ſo as that one of them receives the fire from 


the other, do not give ſo large a hag, as only one of them 
charged i in the uſual way. 

Ma. WII cxx ſup oſes, that PPP. one e plate of gun is chetg- 
ed by the very ſame electric matter which has been expellet in 
charging another plate, only par ; 

the former can enter the ſubſtance of the latter; becauſe part 
muſt remain upon the wire, the coating, &. and ſome muſt 
be loſt. For the ſame reaſon; on 
ed from the ſecond can enter the quads. ſo that's” { 


jar wit übt be ch 


y anbei 
urged ar alf. ov ag & to 2001 21 21 


War is the mum of at 4 Bat jar, with reſpec 
d by the coating It is : 


to the quantity of its ſurface, covered 
evident that ſome jars will diſcharge themſelves, when only 
Sinall part at thEboktoril df then is coated, and when the e- 


Fiete is very ineonfidetable. 231 fo ico 20 (El g 941 30 22299 2115 
Ef AvOux to charge à plate of glaſs with the coating preſſ- 
ed into actual contact with das by means of heavy 


weights. 540 Alſo endeavour to excite a plate of glaſs in b 
manner. It is pretty certain that, in the uſual method of ex- 


citing and charging! the real ſubſtance of the glaſs is not touch- 
ed; and though water be attracted by glaſs; it a y Gly be to: 


g . N ; 
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y part of that which is | expell-! | 
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* what, thi] kt " m gab vil an excited electric, 
of bo ag at: * 45 e not 


ita dpocifieUgrayity.?; 0, 12 1 een N na KEI bao 5113 PETR A 4 a 5 
Ils the tone of a glaſs » veſſel, made in the, form of hk. the | 
{anc:yihen; dt n re is uncharg W 


ſtandes avlsIA 283 2 15Hulth U 1 218. OP” TT i} 205% 
Dantthedatuia fluid-with ; whic ig i. charged re in is 
the pores of the glaſs, or only on its urface; er v 
ſpace that 4 oocupied by the power of reſraction, j 6 a.fmall 
ſpace within. and likewiſe. withaut the ſurface? 9 leſs on by 
neee glaſs che ſame when it is charged or 
it een ln odd ni 28d) 1163192 * 11019 21 31. une 
. Mes iche different refractiv et of glaſs, ot its dent 
 fity (whbiob 4s probably in the ame. proportion with its refrac- 

tive power) affect its property of being excited or charged? 
1s there not a conſiderable difference in glaſs when it is new 


x made, and when it has 'been kept a month or two, both with 
reſpon: to excitation and charging? ? 


2 v9 
» BROS 


if 


{ 
* a8 # 


Lr 


Lux glaſs of every different compoſitiom be tried both with 
"reſpec? to excitation, and charging: Would it not -be: found 
that differences with xefpect! 


the properties; and that, in ſeveral caſes, the ſame circum- 
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GLass 1. hitherto — ſuppoſed to * e full of the electric 


fluid, and its impermeability has been accounted for upon the 
difficulty with which the electric fluid moves in its pores. But 


may we not ſuppoſe the ſubſtance of glaſs to be abſolutely i im- 


permeable to electricity, that no foreign electric matter ever ſo 
but lodges wholly on its ſur- 


1118 


much as enters a ſingle pore of i 
face; for inſtanee, between the point of contact and the real 


ſurface, or within the limits of the refractive power that is a N 
little way on both ſides the ſurface. This place i is, L. think, on 


wid 4.) 


many Accounts, extremely convenient - to diſpoſe of the electric 


matter, whether we make 1 it to conſiſt of two fluids, or of on one. 


Their being kept aſunder, if there be two, or its being prevent 
ed from getting through, if there be but one, will be much 
eaſier to conceive in this caſe, than ppon the ſuppoſition. that 
the electric fluid can enter and move in the ſubſtance of the glaſs, 
though it can only enter and move with. difficulty, as Æpinus 
expreſſes it. For, let the motion be ever ſo, difficult, one would 
think that this circumſtance could only. make it move ſo much 
the flower, and that, give the electricity in the charged plate 
of glaſs time enough. and it would at length. without any ex- 
ternal communication, perform the journey to the. other ie 
whither it has ſo ſtrong a tendency to go. & 
Moreover, one would think, that, upon the bypothefi of 


the admiſſion of the electric fluid within the da of the glaſs, 


r | when 
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to metallic ingredients, hardneſs, 
annealing,” ' continuance in fuſion; &c. would influence both 


aneet axes was favourable to ee = n the 
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VERIES! AND] H IN" T 8 Pane IV. 


oo when the diſcharge of a r Was aQuilly made through che 
5 Habſtance of the glaſs, it might bein a ſilent manner, without 
breaking the glas z whereas when the ſurfaces of the glaſs, are 

. ſuppoſed to be violently preſſed, and the pores of it not in the 

Leaſt entered by any particle of the fluid, or fluids, che impoſ- 


-bility-of the electric charge getting through the glaſs is evident, 
. as well as the neceſſity of 1 its TAY the glaſs, if it do e a 
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Fs pics 1 the uid on AY cledricity depends at all Rds; in 
| any of the functions of an animal body ? In what manner is. 
the pulſe of a perſon electrified quickened, and his ene 
increaſed? I KS: 7 hep 

Doxs Eo he air, „ by being heated in the 1 commmuni- 
cate an electric virtue to the blood? What connection has this 
circumſtance with the mephitic air which is exhaled from the 
lungs | in great quantities, as as well as contained in al the other 
excrements of the animal body? 

May not the increaſed perſpiration of an Maile body be 
greater in a moiſt atmoſphere than in a dry one, there being 
then more conducting particles in the atmoſphere, to act and 
react upon the cliluvia_ in the pores of "hy body; on which 
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the. en ene on e, probably, in a great meaſure, 
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Quenirs 4 AND iure CONCERNING THE. ELECTRICITY or Tur 


| ATMOSPHERE. | 


Tu what manner 45 the clouds become poſe of dikes 
n ec 10 Kay 792 

Dos PR wind; in any 1 wenbibbes to ied. L n 

ls it effected by the gradual heating and en wh the air? 
If ſo, whether is it the heating or the cooling that produces 
poſitive electricity? Which ever it be, the contrary will pro- 
bably produce negative electricity. Let the bee ge be 11 
by an electrical kite. Mr. Canton. 

As thunder generally happens in a ſultry ſtate of the air, ben 
it ſeems repleniſhed with ſome ſulphureous vapours; may not the 
electric matter then in the clouds be generated by the fermenta- 
tion of ſulphureous vapours with mineral or acid vapours in the 
Air. Ar. Proce. | | . 

Ms. WII ck ſuppoſes the air to contract its electricity, i in the 
fame manner as ſulphur and other ſubſtances do, when they are 
heated and cooled in contact with various bodies. Thus the air, 
being heated' or cooled in the neighbourhood of the earth, gives 
electricity to the earth, or takes from it; and the electrified air, 


being conveyed upwards, by various means, communicates its 
eleQricity to them. * 


— 


eee be on Franklin's Letters, p. 302. 


LET 
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Lev: rain, ſhow, and trait be received in infolates/ veſlels, in 
different ſtates of the. atmoſphere, to obſerve whether they” con- 
tain any electricity, and in what degree. 

May not the void ſpace above the clouds be always occupied 
with an electricity oppoſite to that of the earth? And may not 
thunder, earthquakes, &c. be occaſioned by the ruſhing of the 
electric fluid between them, whenever the redundancy i in either 
is exceſſive ? Is not the aurora borealis, and other electrical me- 
teors, which e are Oy bri __ and frequent ore carth- 

Is not ite b in a ata ate of moderate deQrifcation . 
and is not this the cauſe of vegetation, exhalation and other the 

moſt important proceſſes in nature? Theſe are promoted by in- 

_ creaſed electrification. And is it not probable that earthquakes, 
hurricanes, . &c. as well as lightwing, are the conſeqt chce of io 
| powerful, electricity i in the earth? Nee tO e 

SUPPOSING earthquakes to be * by ths diſcharge of: a ro 
dundant electricity from the ſurface of the earth, might they not 
be prevented, in countries ſubject to them, by kites conſtantly 
flying very high, with. wires in the ſtrings, ſo as to promote an 


eaſy communication between the earth and the anner regions of 
the atmoſphere | . 
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[* 05 bitoricat part of this work T have ſhowin what has been 
done on the ſubject of electricity, and under the preceding 

de Lfiderata, . have endeavoured to give ſome idea of what yet re- 

mains to be done, with a few hints concerning further experiments. | 

In the cloſe of this part, # 8 would willingly do ſomething . more | 
towards e enabling my reader to make farther advances i in electri- 
cal inquiries. However, all that can be done i in this way muſt, 
in its own. nature, be more imperfect than even the account of 
4 deſiderata: for it is evident, that he who is able to teach 
make diſcoveries might make them himſelf. Notwith- 75 
Poo pe this, it is poſſible that ſome general obſervations may be 
of uſe to this burpoſe: ſuch for inſtance as Lord Bacon makes, 
in his Novum Organon; a book which, though it contain few or 
no:philoſophical, ai 34 itſelf, has contributed not a little to 
the diſcoveries contained in others. A few, ſuch general obſer- | 
vations, confined to the ſubject of electricity, 1 ſhall endeavour — 
to alan this We | 5 n 
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I is an obſervation which the progreſs of ſcience daily con- 
firms, that all truths are not only conſiſtent, but alſo connected 
with one another. The obſervation has, with no ſmall ap- 
pearance of juſtice, been extended even to the arts; there being 
no two of them ſo remote, but that ſome of the methods and 
proceſſes uſed in the one have ſome analogy to ſome that are 
_uſed in the other. Hence the knowledge of one art or ſcience 
| is ſubſervient to the knowledge of othe $3 and no perſon can 

preſume that he is perfectly maſter of any one, till he has re- 


ceived all the aſſiſtance he « can — at leaſt, all its — arts 
or ſciences. | 

_ . Invzep the very eee of the various arts and Kass is 
almoſt a demonſtration of their relation to each other. F or it. 

were, highly unreaſonable to ſuppoſe, - that, the elements of any xv 


new art or ſcience were diſcovered by means independent | of the 
ſtudy or practice of thoſe already known. As it is by eaſy tran- 


CE, 


ſitions that we paſs from one part of any particular ſcience | to 
another, ſo it is by tranſitions equally eaſy that mankind have 
paſſed from one diſtinct ſcience to another. | Conſequently,” to 


tals ven diſcovered arts and N e wuſt We e have . 


r 
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” ELecThiciTy | is by no means an F eicl to this WR 
rule. 1 has 3 its fitter ſciences a as wa as Ar In Aran, ed 


„E £5 £4 + 


ee of ee experiments ts ſhe N n its wondedion; 
with more ſcierices than it was at firſt apprehended 1 to have any: 
relation to. Now the ſtudy of all theſe cannot but, reciprocal- 
ly, contribute to . and extend the gef 4 of clectri- 
city. | 39644 £41.49 ni iloggut 03 


* G1LBERT, the firſt of modern 11 Was led to make 
his 


dle, zorn which 2 3 ICT ih Ur. 


it rand to have dad Blr. done ue nne e 


Bebe ess Gong de eh hy alb ahfe ph «rl obe. 
5 ofp n wh with this view was! ME Humlclve 


Jt NAIL Ie en ak c 


ſcenes end that its agency, far from eee ined: 
of a particul: iclifs,; extended its influence eos as ; 


hunſf2olfraine-in.a: particular manner, were alk ſubject to its'pbw- 
ery ahd thut electrical experiments and principles: enter into 

ereſting! arts and ſciences which have them for thei 
odject. We allo ſee every day, thav electricity 8 extending 
itſelf fill more intothe ſubjects of other ſciences; botlt by means 
ee of Fr pee n reciprocal 
influences, © Anon 3. 110135199 er A 
On theſe ene by an eben i u bieden, requites 4 
much mare extenſwe fund of varibus Khowledge than it did but 
tan peste ago and a man inuſt havè a very comp 
ledge of nature in all its known operations, before he can rea- 
ſonably expect to make any further: iſcoveries; For it ean only 
be by applying electricity to various parts of nature, and by 
gembining its operations with. other operations, both of nature 
as. hs that any thing new. Gn be found out. Almoſ all that 


- thus indiredtly,oexcited the attention philoſophers (hs lb - 
3 : eds la n& induced them to ſit don to to the ſtudy of it in a ditect | 
eee e e it ſoom appeared, that lee = 

2 econdary, : or oc daſional, 2 | 


tion; that the mineral; vegetable, add animal world; cken 


r henſive' Knows | 
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can r clerical, machines, a 
apparatus off them, has been done already ; i. that we muſt 
look farther. in queſt, of new diſcdvtries. I hope; therefore, 
that 1 ſhall be excuſed, if I endeavour to give a hint of that kind 
of knowledge which, I apprabend, may be peculiarly ſubſervient 
to improvements — e e eee _ 
ant ag new experiments... lis oi TIS 
NATURAL PHILOSOPHY, cannot but He: of 3 rule 
for this purpoſe; but, af all i its branches, none promiſes to be 
of mote uſe to the electrician than CAS TNT. Here ſeemg 
to bs che Sten eld for the ertengen of cleftrical knowledge 
for chymiſtry and electricity are both converſant about the latent 
and leſs obvious properties of bodies;; and yet their relation to 
each other has been but little conſidered, and their operations 
bacdly, over combined ; few of our: maden minen u | 
been either ſpeculative or practical chymiſts. 

AMONG other branches of Natural Philoſophy, 1 let e Phong 
of LIGHT AND COLOURS be alſo particularly attended to. It was 
this that Newton thought —_— be hs aug: to other, e 
occult properties of bodies. 

LIN — anaptiosbead alt given vn ans what the 
imperfect ſtate of Natural Philoſophy furniſhes reſpecting the 
ATMOSPHERE, its compoſition and affections. The phenome- 
na of lightning ſhow the connection of this ſubject with clec- 
tricity; and Pro vably, electricity 1 be our key to a much 
more extenſive kno! 8 of meteorology munen mu: , 
"Tap ſhock of the Lendita phial, 0 ON of the . 
2 of lightning and electricity, together with the cure of ſe- 
veral diſeaſes by electrical operations, are ſufficient to convince 

alte, — — of the 4s of ANATOMY, and 


every 


TED : ry 


every thing relating co'thie animal e ess Ucn? And 


A Phipficians\more generally attended to electricity, as an article 
of the materia medica; "many more important and uſeful dſſeo- 
 veries' might, no doubt, have been made. Eno, bowerer, 
have been made to excite us to farther Inquiries, 7 
Amos has lately geen us an excellent ſpecimem of what 
uſe MATHEMATICS, and eſpecially algebraleal calculations: m 
be of to an electrieian, and * we" wilt Laos Wd 
be found fl more extenfve. Fft Ty 
As electricity has much to eee W feverad: banks of 
Natural Philoſophy, ſo it will be ready, in its turn, to lend its 
aſfiſtanee to them. It already ſupplies arguments and proofs of 
ſome prineiples in Natural Philoſophy, which ſtrengthen thoſe 


that are drawn from other quarters. By electricity, as well as 


by the principles of light and colours, we can demonſtrate, 
that it requires a confiderable force to bring bodies which are 
contiguous to one another, and even lie upon one another, 
into actual contact; and the moiſture of the air may perhaps be 


by any other hygrometer whatever. But I do not mean to 
purſue this fabject, and only mention theſe caſes * ben, 1 of 
munen 

VUron the ſubject of the proper furniture for an | eleQricias; I 
think it may be juſtly added, that a knowledge of MEcuanics 


will be ufeful to him; by which I mean, upon this occaſion, 


not only the theory, but in ſome meaſure the praQtice too. Por 

without ſome mechanical knowledge of his own his electrical 
machinery will be very often out of ane, and but ill anſwer 
his purpoſe. | | ) 


| I, indeed, a perſon mean bes more than to amuſe him- 


ſelf and his friends with the experiments that have been made 
15 P pp 2 by 


ſhown to more exactneſß by Mr. Canton's electrical balls than 
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by others; (and tis i is a YT) off am! ſementꝭ wel che Tus fle 3 
from diſcouraging) the machines he may: purchaſe, ready chr - 
ſtructsd tac his hands, will anſwer; his purpoſe, very: well tand 
te directions which; are uſually given along with the machines 
will enable him to perform the common expetiments with tole- 
rable certainty: and if any damage. ſhoug happen t his appa- 


raths, au mathemat tical inſtrument maker (if he happen to live 
in or near a R — pang it for him. ; But ifa 
man propoſe to ſtudy the ſubject of electricity as a philoſopher, 
with a view to extend the knowledge OE ite the en of 


others will not be ſufficient for him 1ongge 


22 


Tur common electrical machines, and] the uſpal. FR ries 
apparatus; will/.coable,/a. perſon to to do little more than exhibit 
the common experiments. If he propoſe to go further, he 
muſt diverſify his apparatus; he muſt often alter the conſtrue- 


tion of his machines, and will find that common workmen can 


not execute any thing out of their uſual way, without more than 
general directions. Beſides, unleſs à perſon be. fortunately: 
ſituated, workmen of every kind cannot always be at hand, to 
do every little thing he may want in the mechanical Way, 
whenever he may e to get a hint of a gew Serene _ 


” requires it. 


A electrician, therefore, ought; never to be withigh the 


common tools of a cabinet maker, clock, and watch maker, at leaſt, 


and know, in ſome meaſure, how to uſe them. With reſpe& 
to glaſs, he ought, by all'means, to learn the uſe of a low, pipe, 
the method of drawing out and bending glaſs tubes, and per- 
forming, with ſome degree of dexterity, other operations upon 
glaſs, which he will want to uſe in a great variety of forms. 
An electrician, thus furniſhed; will be able, upon any occaſion, 
wo legs biet and the laune and — of mechanicks do. 


2 


src. II. or USP ix EI . 


inquiries. 1 311 i] )) c JSK 2855-3 


dc 0 eee eta wad; wur 5 


n they do to the conſtruction of their own machines. 


more 
LES © T7: $43 


We might. then, expect to, ſee ſome real and capital improvements | 


in them; whereas little can be. expected from mere mathe- 
matical inſtrument makers; Who. are ſeldom men of any ſci- 
- ENCE, - RIES: ſole aim. is to make being goods en me 


portable. 
FekRMERLVY, 1 05 philaGoligs. were. jt ar to confiruts 


their own machines. Mr. Boyle, Mr. Hawkeſbee, and Dr. De- 


ſaguliers would have done nothing by giving tradeſmen orders | 


for what they wanted. There were no ſuch things to be had. 
Neceſſity therefore drove them to the ſtudy and practice of me- 
chanics, and from their contrivances are derived almoſt all the 
philoſophical inſtruments which are now in uſe. 

EvERY Original genius, like them, muſt, in this reſpect, fol- 
low their ſteps. He will extend his views beyond the power of 
the preſent machinery, which can only be adapted to the preſent 


ſtate of ſcience. And, I think, one principal reaſon of the im- 


perfect ſtate of ſeveral branches of electrical knowledge with us, 
may be evidently traced to ſome general imperfections in the 


ſtructure of all our common machines in England; which renden 


ſeveral kinds of experiments very difficult, or almoſt impoſſible 
to be made; as may be ſhown in the next part of the work; 
in which I ſhall treat at large of the conſtruction of machines, 
and give the beſt directions I am able for uſing them. 

LASTLY, if an electrician intend that the public ſhould be be- 
nefited by his labours, he ſhould, by all means, qualify himſelf 
to draw according to the rules of PERSPECTIVE ; without which 


477 
but ill uit with * ardour of perſons engaged in philoſophical ] 


he will often be unable to 2 an 8 — idea of his experi- 
ments. 


— . r * bs 2 Sul can 4a 
res RE xa e 
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- % | ; 
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Pre 
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make themſelves. maſters of it. 
drawing, e 


as in drawing machines, &c. are exceedingly imperfect, and inſuf- 
ficient. They admit not of half the variety of perſpective draw- 
ings. They can hardly ever be near ſo correct: beſides that, 
I know by experience, they take up much more time, un mo | 
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ments to others. There is ſo much beauty in the rules of this ind 
| genious art, and ſo much pleaſure in the application of them that 
I cannot help wondering, that all gentlemen of a liberal 


tion do not take the ſmall degree of pains, "that is n 
All the mechanical 


operation is 5 ngly flaviſh and rad 
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a modern electrical machine: 
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preſented to bits of paper, feathers, and other nghe | bodies that 
came in his way, and coſt him nothing. 


To give a greater degree of friction to clearic tabenoth; Otto 
G and Mr. Hawkeſbee contrived to "whirl ſulphur and 
glaſs i in a ſpherical form ; but their kinited knowledge of elec- 
tricity did not ſuggeſt, or require the more complex ſtrufture of 
Mr. Hawkeſbee's contrivances 
re excellent, and the apparatus for many of his expe- 


indeed, w 


riments well adapted to the purpoſes for which they were in- 


tended. _ | | SU PAR:- 

Wurn no further uſe could be made of globes, philoſophers 
| had recourſe to the eaſier and cheaper apparatus of glaſs tubes, 
and ſticks of ſul phur or ſealing wax; and the firſt conductors they 


made uſe of were nothing more than hempen cords ſupported by 


filken lines. To thefe, bars of metal were ſoon ſubſtituted. After 
that, recourſe was again had to the globe, as much more conve- 
nient to give an uniform ſupply of ele&ric matter to theſe inſu- 
lated conductors ; and, in or time, Aa ee Wis aft wh 
the place of a human hand. Arg 
Tux diſcovery of the Leyden bin ee ſtill more addi 
tions to our electrical apparatus; and the more modern diſcove- 
ries of Dr. F ranklin and others have likewiſe made proportionable 
additions highly requiſite. No philoſopher, for inſtance, can 
now be ſatisfied, if he be not able to, ſupply a, conductor 401 
he clouds, as well as from the friction of his glaſs: globes: or 
tubes, But having already marked the progreſs of improyements 
in electrical machines, as well as in electrical ſcience, I ſhall 


content myſelf with this brief recapitulation, and proceed to de- 


ſberibe What experience (in many caſes dear bought); has tayght 
9050 to think the beſt method of conſtructing machines, and to lay 


own the beſt rules for conducting clectrical operations, 


— Norwrrn- 
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Norwrr ASTANDING glöbes or cylinders are now of the moſt 
Aenne uſe in electrical experiments, GLAsSS' TUBES are; never 
theleſs,” moſt convenient for ſeveral purpoſes, and no electrician 


ought to be without them. They ſhould be made as long as a 


perſon can well draw through his hand at one ſtroke, which is 
about three feet, or ſomething more; and as wide as he can 
conveniently graſp. The thickneſs of the metal is not material, 


perhaps the thinner they are the better, if they will bear ſuffici« | 


ent friction; which, however, needs only to be very gentle, 


when the tube is in good order. It is moſt convenient to have 
the tube cloſed at one end: for, beſides that the electric matter 


is thereby retained beſt on its ſurface, the air may more eaſily: 
be drawn out of it, or condenſed in it, by means of a braſs cap 


fitted to the open end. A tube thus . is nee for | 
various experiments. La. Pl. II. J 5 44 leni 


Tus beſt rubber that has yet kiwi found: (fil: a ; aten alas 
tube is the rough ſide of black oiled filk, eſpecially vrhen a little 
A of mercury and any metal, is put upon it. BU 
A electrician ſhould be furniſhed with rough ei i. 0. 
tubes with their poliſh taken off, as well as with ſmooth ones; 


but a cylinder of baked wood will do nearly as well. The beſt 


rubber for a rough glaſs: tube, or a cylinder of baked wood, as well 


| as:for 2 ſtick of ſulphur Or ſealing wax, | is ſoft new- flannel; ar 


rather ſkins, ſuch as hare ſkins, or cat ſleins, tanned with the 
hait on, being ſmoother, and having a more exquiſite: poliſh. 

| Rs ECTRICIANS' are not quite. agreed whether the preference 
is, upon the whole, to be given to GLOBES, or CYLINDERS. In. 
favour of cylinders it is ſaid, that more of their ſurface may be 
m by the rubber. On the other hand, in fayour of globes, 


it is ſaid, that they Fan; more eakily. be. blown true, ſo as to preſs, 
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482. Tur cos AUS r fo f PART v. | 
and by this means, the Axis (if they have any) may be further 


from the excited ſurface: for when the axes are near the ſurface, 
thei electric fire will ſeem to ſtrike them, ſo that they will ſome- 
times appear luminous in the dark, and, if they be inſulated, the 
extremities of the axes will give ſparks; which is 2 N a di- 


minution of the electric fire at the conductor. 102 


Fon this reaſon, J would adviſe, that all axes be avoided as 
ninth; as: poſſible, having found by experience, that they are in 
no vaſe whatever neceſſary, the largeſt globes being whirled ho- 
rizontally, with the greateſt eaſe, and in every reſpect to more 
advantage, with one neck than two. This method of fitting up 
globes alio makes electrical ne, much leſs een, ex- 
penſive and troubleſome. 1 


LI every globe intended to be 1 fitted - up have its neck 
incloſed in a pretty deep braſs cap, ending in a dilated brim, of 
about half an inch broad, if the globe be a large one. To this 


neck let there be fitted a ſhort iron axis, and on that a-PULLEY ; 
and let a ſpace of about three quarters of an inch of the axis be left 


between the pulley and the cap. In this place the axis is to be 


ſuppor ted by a ſtrong BRASOG ARM, c. Pl. vii. J proceeding from 
the pillar into which the extremity of the axis is put, and in 


which it turns. This braſs arm may be made to receive globes 


of any ſiae whatever, room _ ws in it for e on oy wide | 
that may be wanted for them 5 

Ix this manner globes may be fixed _ more andy bes they 
can with two necks, and they are mounted with much more eaſe, 
and leſs Aren The weight of large globes is no objection to 
this method. The largeſt need not to weigh above eight or ten 
pounds, and theſe have been found to turn with great caſe in this 
manner. The rubber, if it be placed under the 1 2555 will con 
eb the t of it. e 75 129943 2f 
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Lr there be a hole made in the braſs cap above-mentioned; 
in order to preſerve a communication: between the external air: 


and the air within the globe: for if the ait within che globe be 
either rarer ot denſer than that without, the excitation is ſound 


to be leſſened in proportion; and, judging from experience, no- 
thing is to be apprehended from any moiſture which might be 
es to nm 11 into the er M ſuch r l 
tion. 1 1979001 
* Ir will ha nb convenient to W axis 8 een 
min beyond the pillar in which it turns, [as at d. Pl. vii. ] that 
a handle may be fitted to it, and that it may thereby be turned 
without a wheel, for the greater variety of experiments. 
Ir an axis be uſed, let both the extremities of it be carefully 


turned in a lathe ; otherwiſe it will not turn without a very diſa- 


greeable rattling ; and let the part within the globe be made 
round, and ſmooth, or covered with ſome electric fubſt: 
prevent its taking off much of the electric virtue of the globe. 


Ons of the pillars, in which theſe globes or cylinders with 


two axes are turned, ſhould be moveable; for then a globe 
high enough, and have holes at ſmall diſtances quite to the 
top, to take two globes pon ee one above the other. 
[ Plate vii.] | Berz 


* » 


IT has not yet been determined by Aenne whine kind af | 


glaſs is the fitteſt for electrical purpoſes, but the beſt flint is 


commonly uſed. I have not made ſo many experiments, as I 


could wiſh, to aſcertain this circumſtance ; as they are both very 
uncertain, and expenſive; but I have ſome reaſon to think 
that common bottle metal is fitteſt for the purpoſe of excitation : 
at leaſt, the beſt globe I have yet ſeen is one that I have of 
that metal. Its virtue is certainly exceeding great, and I at- 
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a etibute it in part to the great hardneſs of che metal, and i in part 


to its exquiſite poliſn. The blowing of any thing Wan al 


Gy this metal, and eſpecially the making large globes: ſmooth. is 


very precarious; and they can hardly be made with two. necks, 
Tux globe above- mentioned is about ten inches in diameter, 
but nothing has · been determined about the beſt ſize. 1 have 
uſed almoſt every ſize from three inches to near eighteen in dia- 
meter, without knowing what advice to give. Perhaps ceteris 


paribus,” twelve or thirteen inches may be, upon the whole, as 


convenient as any; but much larger, if ah could be nn 


vrith the ſame eaſe, would probably do better. 


Ix a perſon chuſe to have no aſſiſtant, wite l turn niche 
globe, and manage the apparatus himſelf, (which i is, on many 
accounts, very defirable) it will be moſt convenient to have the 


axis of the WEEI level with the table at which he fits. But 


if he chuſe rather to ſtand all the time he is making his experi- 


ments, it ſhould be raiſed proportionably higher. It will, per- 


haps, be moſt convenient to make the diameter of the wheel 
about eighteen inches; and the diameter of the pullies ſhould 


be ſuch as will give them, at leaſt, four or five revolutions for 
one of the wheel. For the globe ſhould generally revolve at 


leaſt four or five times in a ſecond, which is . much ſwifter than 
it can be well turned without a wheel. 

Tux wheel ſhould be made moveable with reſpe> to the 
dura which the globes are hung, or the frame ſhould be 
moveable with reſpect to the wheel, to ſuit the alterations which 
the weather will make in the length of the ring, particularly 
if it be made of hemp; but worſted makes an excellent ſtring, 
and is not ſo apt to alter with the weather, and a leathern ſtrap 


is perhaps better than either. If the diſtance between the wheel 
and the pulley cannot be altered, ARE Operator mult occaſionally 


210011 - | moiſten 


moiſten his hempen ſtring, in order to make it tighter, which 
is, on many accounts, very inconvenient. Several grooves in- 
the ſame wheel are very uſeful, and almoſt neceſſary, if more 
than one globe be uſed at the ſame time. If a flat leathern ſtrap 
be not uſed they ſhould be cut ſharp. at the bottom; as ſhould 
alſo the grooves in the pulleys, that the ſtring may lay faſter hold 
of them, and that ſtrings of different ſizes may be uſed. 

TE beſt RUBBERS for globes or cylinders are made of red 
baſil ſkins, particularly the neck part of them, where the grain 
is more open, and the ſurface rather rough. That the rubber 
may preſs the globe equally, it ſhould be put upon a plate of 
metal bent to the ſhape of the globe, and be ſtuffed with any 


thing that is pretty ſoft. Bran is good; and if the ſtuffing be 
a conductor, as flax, it will be better than if it be a non- con- 
ductor, as hair, or wool. It ſhould reſt upon a ſpring, to fa- 
vour any inequality there may be in the form of the globe or 
| cylinder. The beſt poſition of the rubber, for a variety of pur- 
poſes, is an horizontal one, but it ſhould be capable of being 
placed in every variety of horizontal poſition; and the ſpring 
which ſupports the rubber ſhould be made to preſs more or 
leſs at pleaſure. The rubber ſhould be made nearly as large 
one way as the other. If it be made very narrow, ſome parts of 


that i inconvenience, the hand (if it be dry) may be held to the 


N globe, juſt before the rubber, to add to its breadth; but that 
poſture is very inconvenient. 


Ir is adviſable that there be no ſharp edges or r angles about the 


matter of great conſequence) ineffectual. By the inſulation of 
the rubber eyery electrical experiment may be performed with the 
twofold variety of poſitive and negative, and a conductor be made 
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the globe will paſs it without a ſufficient friction. To remedy 


rubber, for that would make the inſulation of it (which is a 
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to give or take fire at pleaſure. This inſulation is beſt made by 

means of baked wood, in the form of a plate, five or ſix inches 

in diameter, [g. Pl. vii.] interpoſed between the metallic part of 
the rubber and the ſteel ſpring that ſupports it. When poſitiye 
electricity is*intended to be produced, a chain [n. Pl. vii.] muſt 
connect the rubber with the floor; but when negative electricity 
is wanted, the chain muſt be removed, and hung upon the 
common conductor, while another prime conductor muſt be con- 
nected with the rubber; n will therefore be un ne- 
gatively. 

Tur beſt method of colleQing the electric fire froes! the + choke 
ſeems to be by three or four pointed wires, In. PL vii. ] two or 
three inches long, hanging lightly upon the globe; and neither 
ſo light as to be thrown off the globe by electrical repulſion 
(which would occaſion a loſs of the electric matter) nor ſo heavy 
as to prevent their ſeparating to a proper diſtance, and being 
drawn backwards or forwards, as the moſt effectual diſcharge 
of the fire, accumulated on different parts of the globe, may 
require. For this purpoſe they are beſt ſuſpended on an open 
metallic ring. Needles with fine points do admirably well. | 

Ir is requiſite, for a variety of uſes, that the PRIME con- 
DUCTOR be fixed very ſteady. It ought not, therefore, to hang 
in ſilken ſtrings, but have a ſolid ſupport; and, of all others, 
the preference is to be given to baked wood, being found by 
experience to make the moſt perfe& inſulation, and being the 
cheapeſt, and beſt in all other reſpects. The only inconveni- 
ence attending it is, that it requires to be baked again now and 
then, eſpecially if it be kept in a damp ſituation; and a hollow 
pillar of glaſs lined with ſealing wax will anſwer exceeding well, 
and doth not require ſo much attention. 

Fox common purpoſes a ſmall conductor is moſt convenient, 

but 
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but where a ſtrong ſpark is wanted, it is proper: to Hides a large 
conductor at hand, which may be occaſionally placed in contact 
with the "ſmaller, and be removed from it at pleaſure. But 
whatever be the ſize of a prime conductor, the extremity of it, or 
that part which is moſt remote from the globe, ſhould be made 
much larger and rounder than the reſt: [4. Pl. vii.] for the effort 
of the electrie matter to fly off is always the greateſt at the 
greateſt diſtance from the globe. 


As the electrician will have frequent occaſion to inſulate 


various bodies, I would adviſe that he make all the ſtands and 
ſtools which he uſes for that purpoſe of baked wood. It may 


and is not ſo brittle. But care ſhould be taken that the wood 
be thoroughly baked, even till it be quite brown. It will not 
then be found very apt to collect moiſture from the air. If it 
_ a little warming and rubbing will be ſufficient to expel 


the moiſture again. At moſt it can only be neceſſary to boil it 


in linſeed oil, or give it a light coating of varniſh after it has 
come hot out of the oven. If this preparation be uſed, it 
muſt be well heated once more, immediate ly after the boil- 
ing. 0 

Tux . baring thus conſtructed. his 1 will 
want METALLIC RoÞs, [s, Pl. ii.] to take ſparks from his con- 
ductor for various uſes. Theſe ſhould have knobs, larger or ſmaller 
in proportion to the curvature of the conductor. If the knob be 
too ſmall, it will not diſcharge the conductor at once, but by de- 
grees, and with a leſs ſenſible effect; whereas the ſpark between 
broad ſurfaces i is thick and ſtrong. | 

Tur more formidable part of an electrical apparatus e in 


the COATED GLASS, that is uſed for the Leyden experiment, 


The cken of the plate is material with FRA, to the ſhock; 


and, 


487 


eaſily be turned into any form, it inſulates better than glaſs, 
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and, for different experiments, both plates « of glaſs, and jars, of 
various forms and ſizes, muſt be uſed. For common uſes, the 
moſt commodious form is that of a jar, as wide as a perſon can 
conveniently hold by graſping, and as tall as it will ſtand without 
any danger of falling; perhaps about three inches and a half in 
diameter, and eight inches in height. The mouth ſhould be 
pretty open, that it may be the more conveniently coated on the 
inſide, as well as the outſide, with tinfoil: but it will generally 
be moſt convenient to have the mouth narrower than the belly; 
for then it may be more eaſily kept clean and dry, and the cork, 
when one is wanted, will be eaſier to manage. But no electri- 
cian would chuſe to be without a great number of jars of various 
ſizes and forms. A confiderable variety may be ſeen in plate ii. 
fig. c, d, e, . . b, i, J, K. .T he form of a coated eine of 
glaſs is repreſented at ö, in the £ ame plate. eee Tl 
Tux method of coating is much preferable , to that of 1 
water or braſs ſhavings into the jars, which both makes them 
very heavy, and likewiſe incapable of being inverted, which is 
| requiſite i in many experiments. Braſs duſt, however, or leaden 
ſhot is very convenient for ſmall phials, Theſe ſerve very well 
where it is neceſſa ry.to remove the coating as ſoon as the j jar is 
charged, but, for this purpo ſe, quickſilver will generally anſwer 
the beſt. The tinfoil may be put on either with paſte, gum 
water, or bees wax. To coat the inſides of veſſels, which have 
narrow mouths, moiſten the inſide with gum water, and then 
pour ſome braſs duſt upon it. Enoug h will ſtick on to make an 
exceeding good coating; ; and if nothing very Bard rub againſt i it, 
it will not eaſily come off. This braſs duſt, which is extremely 
uſeful in' a great variety of Rechen e, may be pid 
at the pin-makers. 1 | EN me END A 
Is the” conſtruction of an ELECTRICAL BATTERY T would not 
. recommend 
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Tk communication between theſe r rods is made by laying over 
them all a chain, which is not drawn in the plate, leſt the figure 
ſhould appear too confuſed. If I chuſe to uſe only part of the 
battery, I lay the chain over as many rods as I want rows of jars. 
The bottom of the box, in which all the jars ſtand, is covered 
with tinfoil and braſs duſt; and a bent wire, touching this tin- 
foil, is put through the box, and appears on the outſide, as in 
the plate. To this wire is faſtened whatever i is intended-to com- 
municate with the outſide of the battery; as the piece of ſmall 
wire in the figure; and the diſcharge is made by kb the 
braſs knob to any of 88 knobs of the battery. 
Tus is the battery which I have generall ad} in the experi- 
ments related in the laſt part of this work ; though, when I have 
wanted a very great force, I have joined both the batteries, and 
even ſeveral large jars to them. And it will perhaps be allowed 
to be ſome evidence of the goodneſs of this conſtruction, that 
after uſing it ſo much, I ſee no reaſon to wiſh the leaſt alteration 
in any part of it. Were I to conſtruct another battery, I ſhould 


take jars of the very ſame e and diſpoſe than in the _ 
ſame. manner. | 


Tux glaſs of which ey is made i is what the hs 
call flint-green.; which I think is much better for this purpoſe 
than the beſt flint; as I find jars made of it not fo apt to diſ- 

charge themſelves. Beſides it is much cheaper than flint. 

| To diſcover the kind and degree of electricity, many forms 
of EL YETROMETERS have been thought of, as the reader may 

have perceived in the courſe of the hiſtory, but this buſineſs is 
= Kill imperfect. Mr. Canton's balls are of excellent uſe both to 

diſcover {mall degrees of electricity, to. obſerve the changes of 
it from poſitive to negative, and vice verſa; and to eſtimate 
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the force of x ſhock before 'the-:diſcharge;/-{Gi tharitheloperatir 
| ſhall:always'be able to tell, very nearly, how-high he has charge 
ed his jars, and what the e me will ws whejtever he 
chuſes to make it. 118 ; SEL 
Mx. CANTON'S' BALLS pre on a Ou finding oh 
4 ſtool [c Plate ii.] are only two pieces of cork, or pith of 
elder, nicely turned in a lathe, to about the fize of a fmall 
pea, and ſuſpended on fine linen threads. It is convenient td 
have theſe in ſmall boxes for the pocket; the box being the 
full rer of the r that TY may te FINE without being 
bent. Rien as 
Mx. KINNERSLEY'S dente deferBed p. 204, is uſeful 
to aſcertain how great ſhocks have been, and for many curious | 
experiments in electricity. A drawing is given of it [7 Plate ü.] 1 
but the glaſs tube is repreſented as much ſhorter than it was 
made by Mr. Kinnerſtey. I think it in general more convenient; 
as the bore of the ſmall tube may eaſily be proportioned” to it. 
But if a perſon get one long tube, of the ſame ſize throughout, it 
may be cut into different mum and the ne bean caps will 
fit any part of it. | 
Ar the top of the ſtand of baked wood which ſupports Mr. 
Kinnerſley 8 electrometer, I have fixed another, contrived by 
Mr. Lane, to give a number of ſhocks, all of preciſely the ſame 
degree of ſtrength. It conſiſts of a braſs rod furniſhed with a 
knob, which, by means of a fine ſcrew, may be fixed at any 
diſtance from the prime conductor, or any other fixed body 
communicating with the inſide of a jar or battery. In conſe- 
quence of this, the jar or battery, with which it is connected, 
can be charged no higher than the diſtance at which thoſe fixed 
bodies are Placed will permit, for at that height of the charge, 
n the 
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the exploſion will always be made between them. See! My. 
Lane's mdre particular deſcription of this uſeful inſtrument. * 
To the account of theſe articles of an electrical nn 
which muſt be uſed within doors, it will not be wholly infig- 
nificant to add, that a ſtrong firm table is highly requiſite. 
For if the TABLE on which the apparatus is diſpoſed be apt to 
ſhake, a great number of nm cannot oy nen to 
advantage. 
Ix order to repeat the * experiment of, 1 ae of 
the electric fluid with the matter of lightning, and to make 
further obſervations on the electricity of the atmoſphere, the 
1 i electrician muſt be provided with a MachINE FOR DRAWING 
1 1 ELECTRICITY FROM THE CLOUDS. For the beſt conſtruction 
1 of ſuch a machine, take the following directions. On the top 
= of any building (which will be the more convenient if it ſtand 
2 upon an eminence). erect a pole, [a fig. 2. Pl. 1.] as tall as a 
W | man can well manage, baving on the top of it a ſolid piece of 
1 glaſs or baked wood, a foot in length. Let this be covered 
_ 155 with a tin or copper veſſel [] in the form of a funnel, to prevent 
its ever being wetted. Above this let there riſe a long flender 
rod [c] terminating in a pointed wire, and having a ſmall wire 
twiſted round its whole length, to conduct the electricity 
the better to the funnel. From the funnel make a wire 
[4] deſcend along the building, about a foot diſtance from it, 
and be conducted through an open ſaſh, into any room which 
| » ſhall be moſt convenient for managing the experiments. In 
=. | this room let a proper conductor be inſulated, and connected 
= f with the wire coming in at the window. This wire and conduc- 
tor, being completely inſulated, will be electrified whenever 
| there is a conſiderable quantity of electricity in the air; and notice 


will be 2 when it is properly charged, either by Mr. Can- 
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ton's balls, hung to it, or e ſet of bells as will . 
ed hereafter.  _ | 
To make theſe experiments in perfect ſafety, the cedrifed wire 
ſhould be brought within a few inches of a conducting rod, that 
ſerves to guard the houſe, that the redundant electricity may paſs 
off that way, without ſtriking any perſon that may happen to ſtand | 
near it. The conductor to guard the houſe ſhould conſiſt of one 
Tod, between one fourth and one half of an inch thick, if it be of 
iron, but ſmaller if it be braſs or copper, terminating upwards in 
a ſharp point, about four or five feet above the higheſt part of 
the building ; and below, it ſhould, if poſſible, be continued to 
ſome well or running water. Otherwiſe it ſhould be ſunk ſe- 
veral feet into the ground, at the diſtance of ſome yards from the 
building. It is of no conſequence whether this conducting rod 
be faſtened on the inſide, or outſide of the houſe, or how many 
bendings are made in it. 

Ir the electrician be defirous of making experiments upon the 
electricity of the atmoſphere to greater exactneſs, he muſt raiſe 
a kite, by means of a ſtring in which a ſmall wire is twiſted. 
The extremity of this line muſt be ſilk, and the wire muſt ter- 
minate in ſome metallic conductor, of ſuch a form as ſhall be 
thought moſt convenient. Mr. Romas's experiment will per- 
haps convince my reader, chat it may be dangerous to raiſe this 
kite at the approach of a thunder ſtorm; and upon this occaſion 
the common apparatus above deſcribed for drawing electricity 
from the clouds will, end, anſwer his purpoſe well 
enough. 

Bur, with the following 1 1 ſhould apprehend no 
great danger in any thunder ſtorm. Let the ſtring of the kite 
Ia. fig. 3. Pl. i.] be wound upon a reel [5] going through a flit 
in a flat board, faſtened at the top of it; by which more or leſs. 
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to the top of a tin or copper funnel [e] ſuch as was deſeribed 
above ; and from the funnel let a metallic rod a] with a large 
knob be projected, to ſerve for a conductor. This funnel and 
reel muſt be ſupported by a ſtaff [e] the upper end of which, at 


A DESCRIPTION or PART V. 
Let the reel be fixed 


of the ſtring may be let out at pleaſure. 


leaſt, muſt be well baked; and the lower end may be made 


" ſharp, to thruſt into the ground, when the kite is well raiſed. 


Tus ſafety of this apparatus depends upon the chain [/] faſ- 


tened to the ſtaff, by a hook a little below the funnel, and drag- 


ging on the ground : for the redundant lightning will ſtrike from 
the funnel to the chain, and ſo be conducted as far as any one 
chuſes, without touching the perſon who holds the ſtaff. 

 *SPARKsS may be taken from the conductor belonging to "this 
apparatus with all ſafety, by means of a ſmall rod of baked wood 


(a. fig. 4.) furniſhed with a ſmall funnel [4] and a brafs rod [c] 


and a chain connected with it: for the lightning which ſtrikes 
the rod, will paſs by the funnel and the chain, without we 
ing the perſon who holds the rod. i» 
MR. HARTMAN, in the cottitt bon of his xopicatich for ob- 
ſerving the electricity of the atmoſphere with ſafety, makes uſe 


of long ſilken ſtrings to ſupport his metallic rod. Theſe, there- 


fore, require a large ſhed, faſtened to the rod above them, to 

keep them dry. And, leſt the rain that falls upon this ſhed 
ſhould carry off all the electricity, he makes a channel all round, 
which receives the rain; and thence he conveys it, under the ſhed, 
into an inſulated receptacle. * But I cannot help thinking this 


complex apparatus unneceſſary, eſpecially if a ſolid ſtick of glafs 


and a ſmall cover be uſed, inſtead of the ſilken ſtrings and large ſhed. 
* Anmerkungen, be. p. 38. N 
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made. And Gods. it migh it TU 2 len, what has 
been advanced upon that head, J. that any 3 2, might judge for 
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by giving draw- 
| nftructions that have 
fallen under my notice, *. 

their ſeveral advantages and le 
Isuart begin with Mr. I 
fig. 1.] which is an excellent cot 
of electricity in his time. | I T 1 88 annexed will-render 
a very particular deſcription of this or the other machine, un- 
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for making experiments ; for no ſuch things were wanted in his 
time: but it may be eaſily accommodated with them all. A 
conductor may hang from the cieling, a rubber may be ſupported 
by a ſpring fixed under the globe ; ; and a table placed near the 
machine, may receive the apparatus neceſſary for making expe- 
riments. The inconveniences of this conſtruction are, - that the 
operator cannot well turn the wheel himſelf. A ſervant is there- 
fore neceſſary, who muſt ſit to his work. The machine admits 
only of one globe, or cylinder, which muſt have two necks; 
though it admits of a conſiderable variety of ſuch, and it is by 
no means portable. 

Tux Abbe Nollet's machine [Plate i iv. fig. 2.] a the 
greateſt number of the electrical machines that were uſed about 


the time that the Leyden phial was diſcovered. Theſe were the 


machines, heavy and unwieldy as they ſeem, that were gene- 
rally carried from place to place, when electrical experiments 
made a gainful 8 and would bear the nee of the 
conveyance. WAY 3 

In thoſe early times, 8 had no idea, that it was 
poſſible to make the globe revolve too ſwiftly. They, therefore, 
made their wheels exceeding large, and the frame of the ma- 
chine proportionably ſtrong. The globe was generally rubbed 
by the hand, the conductor was a bar of iron, or generally * 
| gun barrel, ſuſpended i in filken lines from the top of the room, 
and the apparatuggyas diſpoſed on an adjoining table. 

Tus machines are now univerſally laid aſide, being more 
fit for a large laboratory than a private ſtudy. Beſides they ne- 
ceſlarily require an aſſiſtant, and do not admit of half the variety 
in the diſpoſition of the principal parts of the rasen en, 
which the variety of experiments now demands. 


ABOUT the time that Mr. Boze's beatification was talked of, 
| electricians 
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cleckriclans were very deſtrous of exciting à very great power of 
electricity; benen nen N no mae accumulating; or pte 
ſerving it, it was diſperſed- n ast raiſed. The machine re- 
ao of v. 587 a : - wa 'y contrivance of L Drs ef oe, 


54 243: obe bas 7 400 od A 111 


— egretting that no 0 machines as nw are 
chiß day, when, by m meags b elect ical batterie s, fo 
great a pours Km t be preſerved, - ad employed to the 2 cate 
purpoſes. "IT wißt ie Doctor would refit the machine lere Js: 
if it be yet in } Kae 4 an conſtruct : A i battery proportion- | 
ed to if. "Buy I ſhould rejoice more to ſee a machine moving by . 
wing 5 water,” turning twenty or thirty globes, and ,harging £4 
electrical he reeries adequate to them. 1 make no 7 loubt Ee h N 
9 full charge bf two. or three thouſand ſquare.fe et, " glaſs 
would give a ſhook as great as f üngie cmd Th abs 
ning. They, : are Rot Philoſophers who will £ 105 7 18 N 
| TOA. be *F | ed, and no new diſgoveries made 


3 een + ie whichy {Me 


2 than; 207 tha hag been contrivg] of. he $ bre, Fo the 
parts are brought fit 
perſon may turn t ber, and condu& mel Lg 1 85 ots. On 
of the moſt compte machines, and one that had e 
power of any that T haye NOM * my o. 1* of this. con 
ſtruction. IT BEER 5 

Irs inconveniences are, W it de 3 little 1 LA 1 
globes or cylinders, and both theſe and the rubber are not ſuf- 
ficiently diſtant from other bodies. The rubber is not inſulated, © 
and the conductor is unſteady. This machine has a frame ſtand- 
ing upon the ground, but the general conſtruction may be pre- 
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ſer ved, and the machine be made to ſerdw to à table. Bome 'I 
have ſeen which, by this means, Were made very portable z 
and à box was contrived in the inſide, to contain the apparatus. 

Or the more modern conſtructions (of which there is an end- 
te. variety) the more elegant are thoſe in which the globe is 
turned by tooth and pinion. This reduces the wheel work, 


- contained in the box Ia Pl. vi. fig. 1. J to, an exceeding. ſmall 
compaſs, and gives the workmen an opportunity of making the 
machine all in braſs, very elegant, and portable, But 1 odject to 
Wray, ug: liable to accidents, y which « electricians i in general cannot 

epair ; and 1 would wiſh philoſophers to be As, 57er 

el df all workmen . Of this more elegant kin of ma- 
chines, is that made by Mr. Nairne, A pA. of which may 

be N in this late. The conductor . cs to machines 


of this conſtruction 3 is generally bung in filk, upp orted, Nie 


. = 
+ peels 
2224 «„ 43 3 FR * 
8 8 * K a — ” WIS HET We, 


\ THY 


by wooden pillars, in a frame, as in the figure annexed, 
two braſs arms extending from the machine. FOO 6 Teo 5 
© TuzsE machines are certainly very commodious * ſetew⸗ 
ing to a table. They require no affiſtant, and they admit of 
the experiments being made in 4 ſitting poſture; ; which is a 
great recommendation-of a machine, to thoſe perſons Who chuſe 
al | to do things with little trouble, and ho are fond of a ſtudious 
| ſedentary life. This conſtruction admits of very little variety 
| in the ſize or number of globes, and hardly of a glaſs veſſel of 
any other form. But the greateſt inconvenience attending it, 
is the upright poſition of the globe and rubber, whereby every 
thing put upon it is apt to * < down ; and the rubber is not 
| inſulated. | 
4 3 Ar Mr. Martin's 1 have _ A — in 5 a vo 
der was made to revolve between two braſs pillars, by means 
of a wheel and pinion, conccaled in a neat box, In this con- 
1 30 5 e, ps” 4 ſtruction 
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ber, was hor a 
"mentioned above; A + 


he landleteems- 
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CA e eee 
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Ln 


keel were 
peculiarly uſeful to phyſi | 
thecaries; and, with Mr. Lane's electrometer ſed 
8 (the figure of which he has Siven me leave to ih 1 a 
drawing ahnexed, Xaken- Om hi 5 1 
WIEN cn mach 1 
purpoſes . 
muſt be taken wa e eee ee 
in its place. By this means the conductor is fixed; w ich is a 
very great advantage, and which few machines are p - 
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But theſe machines, bekiee that- they admit no variety of lobes 

or cylinders, and no inſulation of the rubber, re Aae motion het 
the arm, which I ſhould think not quite eaſy. Re 
Tux ingenious Dr. Ingenhaus has conſtructed 4 bine in 
which friction is not given to any kind of hollow glaſs veſſel 
whatever ; Huf to a freer, me Yf leer enemy. about nine 
inches i in d f 1 ie 

TuIS plate turns „ par rubs. 800 FA no DAR 

| __ an inch and a half long, placed at the oppoſite ends of the 
vertical diameter. The conductor is a, braſs tube, has two 
horizontal branches coming from it, reaching within about 
Half an inch of the extremity of the glaſs; ſo that each branch, 
; wakes off the electricity excited by two of the cuſhions. | 

Tus conſtruction is original and ingenious, but the cuſhions 
cannot eaſily be inſulated, and a plate of glaſs is much more 
liable to injuries than a globe, or even a cylinder. 

Ix the firſt edition of this work, I mentioned one Mr. Ramſien 
as the inventor of this conſtruction ; a miſtake, which he him- 
ſelf led me into. bg 

Mx. WesLEy's people, I believe, generally uſe a machine in 
which -two cylinders are turned, by. the ſame wheel : but one 
that I ſaw, in the poſſeſſion of a very intelligent perſon of that 
perſuaſion, had the cylinders and rubbers ſo confined in a cheſt, 

that, though it might do very well for medical uſes, it was 
Wc! ill adapted to the purpoſes of philoſophy. 

Bur the machine which I would adviſe a philoſopher to. con- 
ſtruct for his on uſe, is that of which a drawing i is given Plate vii. 
This conſtruction i is the reſult of my beſt attention to this ſubject. 
I have uſed it above fix months (how much I leave the reader 
to imagine) without ſeeing the leaſt reaſon to make any altera- 
tion of conſequence i in it; and believe it.to have almoſt all the 

e advantages, 
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src. II. ELECTRICAL MACHINES. gor 


advantages, which an electrical akin deſigned for the 
cloſet, can have. The reader will, therefore, allow me to be 
alittle longer in the deſcription of it than I have been of the 
reſt. IE "Nt | | 

Tux FRAME conſiſts of two ſtrong boards of mahogany [a a] 
of the ſame length, parallel to one another, about four inches 
aſunder ; and the lower is an inch on each fide broader than the 
upper. In the upper board is a groove, reaching almoſt its 
whole length. One of the pillars [5] which are of baked wood, 

is immoveable, being let through the upper board, and firmly 
fixed in the lower, while the other pillar flides in the groove 
above-mentioned, in order to receive globes or cylinders of dif- 
ferent fizes ; but it is only wanted when an axis is uſed. Both 
the pillars are perforated with holes at equal diſtances, from the 
top to the bottom; by means of which: globes may be mounted 
higher or lower according to their ſize ; and they are tall, to ad- 
mit the uſe of two or more globes at a time, one above the other. 
Four of a moderate ſize may be uſed, if two be fixed on one AXIS: 


and the wheel has ſeveral grooves for that purpoſe... 
Ix a globe wit 


BRASS. ARM with a an open ſocket [c] is neceſſary to ſupport the 


axis beyond the pulley ; and this part is alſo contrived to be put 


higher or lower, to ether with the braſs ſocket in which the 
axis turns. The. axis [d] is made to come quite through the pil- 
lar, that i it may be turned by another handle, without the wheel, 


if the operator. ch aſes.. The frame, being ſcrewed to the table, 
may be placed nearer. | 1 


of the ſtring requires, in different ſtates of the weather. The 
WHEEL is fixed in a frame by itſelf, [e] by which it may have 
wy ſituation with reſpec io: the pulley, y, and be turned to one 


* ho W g * '# 
+ * 4 wag . 
N . ? 3 "4; 4 29 F oy i ©, : ” 
. i * Y' +4 & * > I. bh we? . 4 0 bY, e 1 „ i » 
8. Tel 15 3 8 * 1 N . ? 2 TY 33 + iN, 23 
* 5 * n * 1 « 1 
41 4 ' 25 a q ' > p | 1 5 : 1 & I4 ) \ 
ann 8 8 2 . 0 Ne 0 
Yi . via *: OO ES N 2 BY , $i »% * 
EZ a a . Po.” 8 2 8 


en PPP E 


8 
"bi 
1 
1 
tk 
r 


5 ,oply. one neck be uſed, as in the plate; A 


0,07 farther from the wheel, as the length 
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ſide, Id as to prevent the ſtring from cuttingitſelf. The hinder 
part of this frame is ſupported by a foot of its own: (it, 1 
FTE RUBBER [V] conſiſts of a hollow piebe of -copper; filled 
with horſe hair, and covered with a baſil ſkin. It is ſupported 
by a ſocket, which teceives the eylindrical axis of « round and 
flat piece of baked wood, [g] the oppoſite part of which is inſert · 
ed into the ſocket of à bent ſteel ſpring. S Theſe parts ate en- 
fily ſeparated; ſo that the rubber, or the piece of wood that 
ſerves to inſulate it, may be changed at pleaſate. The srRINe 
admits of a twofold alteration of poſition It may be either ſli p- 
ped along the groove, of moved in the contrary direction; ſo as 
to give ĩt every deſirable poſition with teſpect to the globe or cy- 
linder; and it is, beſides, furniſhed with a ſrew, 1 — 
makes it preſs harder or lighter, as the operator chuſes. 
Tur PRIME CONDUCTOR [#] is a hollow veſſel of -polifiedicop- 


orgs in the form of ia ipear, ſupported by a'pilter; and à firm ba- 


fis of baked wood, and it receives its "fire by means of a 2 


-arched wire, or rod of very ſoft braſs, LI] eafily bent into any 
ſhape, and raiſed higher or lower, as the globe requires ; and it 


| 4s terminated by an open ring, in which are hung fome fharp point- 
al wires Cui] playing lightly on the globe when it is in motion. 


The body of the conductor is furniſhed with oler, and fo ders, 
for the inſertion of metallic rods, to convey. 'the fire wherever 


it is wanted, and for many other purpoſes convenient in a courſe 
of electrical experiments. The conductor is, by this means, 


ſteady, and yet may be eaſily put into any fituation. It collects 


the fire perfectly well, and (what is of the greateſt 'conſequence; 
—_—_— little attended to) retains it equally. every where. 
Wue poſitive electricity is wanted, a wire, or chain, as is 
repreſented in the plate Ii connects the rubber with the table, or 
the floor. When negative electricity is wanted, tha wire is 
connected 
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Sue. H. ELECTRICAL | MACHINES, | 
3 with angther conducter ſuch, as that repreſented 


even ſeveral of them at the f 
eſſential parts of the maghine,, the glbe, the, frame, the wheel, 


8 


It Pl. ii.], while the conductar in Plate vil. is; conneQed,, by 
another wire or chain, with the table. If the rubber be mada 
tolerably free from points, the negative power will be as ſtrong 
as the poſitive. . In: this ——_— l dot not. know, which is, elbe 


ſtronger of the two... 10.19 


-| In - therts: the capital: — of pv od are; that. 
glaſs veſſels, or any ethet electric body, of any ſize or form; 
may be uſed, witk one neck, or two necks, at pleaſure; and 
me time, if required. All the 


the rubber, and condudtar, arg quite ſeparate; and the poſition 
of them to one another may be varied in every manner poſſible. 


The rubber has a complete inſul: tion, by which means the 
operator may command either the negative or the poſitive pow- 
er, and may change them in an inſtant. The conductor i is 
ſteady, : and eaſily eplarged, by rods inſerted into the holes, with 
which it is furpiſhed, or by the conjunction of other conduQtors, . 


in order to 4 apt as Kee, | The wheel may be uſed or 


fame general i pct with the mY in on 
reſpect, that it admits only of globes or ee with one 185 
but theſe are far preferable to any other; and it i much more 
commodious for ber as it doth not require any ſtrong table like 
the other. It confiſts of a pillar of mahogany Lal ſtanding up: 
right on three feet. This pillar divides in two, places, to receive 
a wheel [5] in the lower part of it, and in the upper part a pulley 
14 which i is turned by a leathern Se [# 3 eigen ye Neans 


504 ve” A DESRIPTION 6s | Pan v. 
of a ſmall buckle. In the center of the pulley is a ſtrong iron 


ſpindle, turning in two firm braſs ſoekets, faſtened to each 
ſide of the pillar. In one of theſe ſockets the extremity of the 
ſpindle turns upon a center, by means of a piece of iron Ce] 
ſerewed into it, while the other is held tight by a braſs claſp, 
which may be made to hold it cloſer, or more loolely, at plea- 
ſure, by means of a ſcrew. [7] The iron ſpindle is made hol - 
10 in the form ef a parallelopiped, in order to receive a piece 
of braſs or iron, in which the braſs cap that holds the globe [g 
terminates: "Theſe are exactly fitted to one another, and by this 
means any globe may be taken out, and another put into the 
machine with very little trouble, if theſe awe be Aae er 
to the ſame pattern. 

Tur RUBBER vo is Ack f from the il [; 1 by F rt 
of F glaſs [7] 4 which effeQually inſulates it; but the chain [ [#] 
connects them together when poſitive electricity i is wanted, as in 

the uſual method of electrifying. The ſpring may be made to 
- preſs more or leſs, by means of a ſcrew; [/] and it may be raiſed 
higher or lower, to ſuit globes of different fizes, by means of a 
contrivance which is not repreſented 1 in the plate. 

Tus PRIME CONDUCTOR un, 1, 0, is the fame as in yi. 


4 44 a £ 


4 «a & #7 


©. at the top. of which is Mr. Lane' 8 electrometer; ; the knob 
of which DL] may be placed as near to the knob oppoſite to it on 
the prime conductor [2] as is deſired, by means of the graduated 
part. [7]. But the whole of this may be taken away when it Is 
not wanted. 

_ Wuen negative clearieity 3 is deſired, "x N [4] muſt be 
removed from the rubber, and hung upon the prime conductor, 


ſo as to connect it with the table; and a ſhort braſs rod, with a 
knob at the end of i it, muſt be ſcrewed into a ſmall ſocket, which 


will 
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will be found in the rubber above the plate of glaſs. This braſs 
rod will then ſerve for a negative prime conductor; for, in this 
ſituation, when the wheel of the machine is turned, this rod, 
being inſulated (together with the rubber, through which all the 
electric fire paſſes to the globe) will receive ſparks from whate- 
ver is preſented to it, and therefore electrify negatively. 

As it requires ſome dexterity and experience to turn the ma- 
chine, ſtanding on three feet only, without ſhaking it; ſmall plates 
of braſs, upon which the edges of heavy weights, made of lead or 
iron, may be placed, are faſtened to two of them; but a large 
board may be firmly ſcrewed under all the feet, or various other 
methods may be uſed, whereby the pillar, which ſupports the 
. * ſtand as firm as a n chuſes. 
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S the chapter I am now entering upon is profeſſedly 
deſigned for the uſe of young electricians, it is hoped 


that the proficient will excuſe my inſerting a few plain and trite 


maxims; which, though they be ſuperfluous. with reſpe& to 


him, may not be ſo to all my readers. The greateſt electricians 


(who are generally thoſe who have had the feweſt inſtructions) 
may remember the time when the knowledge of a rule or max- 
im, which they would perhaps ſmile to ſee in a book, would 
have ſaved them a great deal of trouble and expence; and it is 
hoped they will not envy others acquiring wiſdom. cheaper than 
they did. In a general treatiſe, every man has an equal right 
to expect to find what he wants; and it is for the intereſt of 
the ſcience in general, that every thing be made as eaſy and 
inviting as poſſible to beginners. It is this circumſtance only 
that can increaſe the number of electricians, and it is from the 
increaſe of this number that we may moſt reaſonably expect im- 
provements in the ſcience. 


WHEN 
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Warn the air is dry, particularly when the weather i is froſty, 
a when the wind is North, or Eaſt, there is hardly any elec- 
trical machine but will work very well. If the air be damp, 
let the room in which the machine is uſed be well aired with = 
fire, and let the globe and every thing about it be made very 
dry, and it may be made to work. almoſt as well as in WE" beſt 
Nate of the air. | 
Wurm a tube is uſed; the hand mould be Are two or three 
inches below the upper part of the rubber; otherwiſe the elec. 
tricity will diſcharge itſelf upon the hand, and nothing: will 
remain upon the tube for electrical purpoſes. . N 

A rrrrix bees wax drawn over the ſurface of a tube will 
gay increaſe its power. When the tube is in very good 
order, and highly excited, it will, at every ſtroke, throw off 
many peneils of rays from its ſurface, without the approach of 
any conductor, except what hay 1 in the common atmoſ- 
pers: F 

Ir has been the cuſtom of many eis iclans to line Fair | 
globes with ſealing | wax, or ſome other electric ſubſtance, in 
order to make them act with more eaſe and Sour: Mr. C. L. 


1111. 


35250 0 of roſin, ad one nc of bees wax. Boil theſe over a 
gentle fire, ſtirring them now and then, for four hours ; z at the 
end of which ſtir in one quarter of a pound e of vermilion. Then 
a little of the mixture being taken out and left to cool, will be 
hard and brittle, a token that it is fit for uſe. Having | well 
| heated your globe or cylinder, pour the melted mixture into it, 
and turn it t auer 0 as to ſpread it evenly oyer the inſide ſur- 
5 „% N20 oy. 0 Fitz 29 eg face, 
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fave, to n * a fixpence, and let it he- ger * 
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caſes, as it was remarkably 1 in two large globes of my own, the 


fo 8 bene 


too much ee it... Je 2 y 110 315 


a increaſe the —————— from. a globe, 2 


en the rubber a little from time to time; or rather moiſten the 


under, fide of a looſe piece of leather, which may occaſionally be 


put upon the rubber,. Rat the mod: paper, mites of ale 


city is a little * which may be made by rubbing tOge- 


ther mercury and thin pieces of lead or tinfoil in the palm of 
the hand. If the rubber i 


hould be placed. pe: 
horizon, it will be neceſſary. to u 


enditalar to. the 
e a little talewi to r 2a 


weather are equal to an electrician. 
_ A LITTLE time after freſh, ama 


globe, and often a at other times, 6, if . be any, 2 4. upon 
theulhjon; and ſometimes when there is. none, there will; be | 


formed upon e globe ſmall black ſpots, of a hard rough f 
Rance ; Which z grow c 


tity of that 11 05 be accumulate 


de carefully picked off, or it will obſtruct the ation and in 
« great meaſure defeat the electrical o grations. ie 


Wurm the amalgam ; has been uſed, for ſome, time, there, will 


be formed vi upon the : 5 a thick incruſtation of the ſame kind 
of black ſubſtance which j is apt to adhere to the globe. This in- 


E is a very great improvem ne t of the rubber, Fot when 
ct once 4 cbhHierable body of this patter is formed, pet) it is a 


* Phil, Tran Vol. 57+ P. 186, 


FA liningis: een 


n ain 
ſtick. With « this excellent reſource... as, 3 .oſtates, of and 


on inually rger, till a conſiderable quan» 
upon the ſurface... This muſt 


e hed Lhern: given. 585552 but in the caſe of ſmall 


J 


freſh — were wied ſo _ it ſeems « to . eee . 
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As the cerls 1 Satte e collegad: at this uber; it is ne- 
ceſſary chat it have a communication with the common maſs of 
* <arth, by means of good conductors. If, therefore; The 
table on which the machine e or the floor vf the room in 
which iris ules, We little or no fire will be got, be 
ever ſo good. In. this caſe it will be neceſſary to 
nN the rubber, by means of chains or wires, with the floor, 
the ground, or even the next water, if the neighhonring gtound 
be dry. This Dr Franklin g f Mir e b 
0 to do in Philadelphia. .' eto 5 . 
Wurx the electricity of „ globe 3 Edd the: adltic 
dit ſeem 20 dart from-the-cuſhion towards the wire of the 
<hdbRor. / F have ſeen thoſe lucid rays: (which ate in part viſi- 


the nes and they will frequently come ina conſiderable num- 
ber, at the fame time, from different parts of the cuſhion, and 


1 caves in be fre. F 


Tbeßß : radiant points are intenſely bright, and appear very beau- 
tiful. 


„ 


f points on the rubber will then Kein intenſe 

wot time together wil ſeern te pour obt Contitual torrents of 
flame. If de part of the rubber be preſſed cloſet than anbther, 

| "the titcks will ifue in cat * more frequently than in any 

other, 


Woe les EBLE CTRICTI T 7. e 
little moiſtened; or ſcraped, ag much fire will be produeed- a8 if 


ble in day Tight) make the circuit of half e globe, and reach. 


reach Within an icht or thro ef the wires! The geiße at e 
this beautiful p ful pheomerion' exattly e che mrs. 2 
os often four or five in different parts of the fame arch. ; 


11 7 is peculiarly pleafng to obſerve! theſe robes of fire 
riſe from thoſe parts of the cuſhion x where re the artialgurn 0 or  moif- 95 


y ly bright, and: for A 


Wurx 
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* Wuen the e ndicor-18 taken quite away, nitleactf. has, 'will 
A ppeat ond both ſides the kubber Which will ſometimes meet, 
: "and completely encircle the globe. If finger he | ought within 
bell an inch of the globe, in that ſtate, it. is. ſuce 0 be. tr 

very ſmartly, and there will often be a, complete arch of fire 
| from it to the rubber, thoughi it be almoſt quite round the globe. 

Pu ſmaller the conductor is made, the mote fire may be col- 
4 lecke from it for there i is leſs ſurface; rom which the, fire may 

(eſcape. But in charging a phial, if the wire be placed cloſe, to 

tbe conductor, che difference will be inconſiderable. Whether a 

ſwaller or! | er conductor be-uſed;-till it begin to. be, charged 
-pretty high: r eber ahead will not haye 

bo og any conſiderable atmoſphermſem. 0b O1 {1 
I x the conductor be made perlecly well, * the air bey dry, 

Abete will never be any loſs af fire from any part of it. Fox hęn 

the whole ſurface has received as high a charge as the, machine 

ban give to. it, it wl, in all iplaces alike, perfectly r veſt .all 
further efforts to throw more upon by and the circulation of the 

Ruid, by the rubber. will be ſtopped, being balanced, . as jt were, 

by equal forces. Or if it loſe ir 1b places alike. the: difſigation 
| muſt be inviſibhle. This maxim post admits of 0 lar demon- 

ration... Fot when the rubber; is perfectly inſu ated,, and the 
conductor has an opportunity of diſcharging il itſelf, the rubber 55 
take ſparks rom a wire placed near it very faſt; but hen 

 cpndyRtor has s little e of empty e it J , all ak 
| ; : fewer of thoſe ſparks , co :16 01 10 ; W. 05 A5 
\ Jo form a juſt. eftimare of the clefrical powel 0 any machine, 
and to compare different machines in this re ſpec, take two 

;wices with knobs, of any ſige, and fix one f them at the canduc- 
1 tors. and the other at ſome certain diſtance from it, 40000 


inch, or an inch and à half; and. When, the wheel is turned, 
count 


8 
3; 


5 | . - , 
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— hiring the — Waere pr, begab 
to any other machine (but'the ſame bon? would" be more 
exact) and the difference between the flumber of ſtrokes in any 
given. time! wilt aſcertain the difference NI 700 "oy of 
the toit met: t od N IH ii tovidiog Pente 
Tne larger che conductor is made, e eb l will 
give: for the more extended the electriſied ſurface is, the 
grrater d qu VAAN of of the! — 1 it contains, and the 


The conductor, however, FREY” N 10 arg a eceſ- 
ſary: diffipation of che electric matter from its ſurface into the air 


will be equal to the ſupply from the machine, which will conſti- 


tute the:maxiMum of the power of dee and 1 18 
different in different ſtates of the air. oni amo fazer 


15 A CERTAIN degree of friction is —ä —— to 4 2 Gabe its 
greateſt power. A number of globes increaſes the power, but 
the increaſe of friction will make it more difficult for a man to 
excite their power. A few trials with a number of globes would 
enable any man to judge of the maximum of his ſtrength in exci- 
ting electricity. I ſhould imagine, from iny own experience, 
that no perſon could excite much more electricity from any num- 
bet of globes, than he could from one; ſuppoſing him to con- 
am the operation an hour, or even only half an hour together. 


Wurm a long conductor is uſed, the longeſt and the ſtrongeſt 
ſpark may be drawn from the exttemity of it, % Rood that men 
which is the moſt remote from the globe. 3 


Tux largeſt and moſt pungent ſparks are _ from a ahh Gan- 
ductor along an electric ſubſtance. Thus if the conductor be 
ſupported by pillars of glaſs or of baked: wood, the long ngeſt ſpark 
will be taken cloſe to the pillar. Es 


Ie 


. PRACTICAL /MASIMS ,, Paxr VI 
Ix the con 


ne dor bend inwards in any place, co a0 d make the 
ſurface concave, a peculiarly large, ſtrong. and undivided {park | 
may be drawn from that place. Where | the; fur os is convex; 
the ſpark is more apt ta be divided and weeakened4/ii 1.1 | 71s, 
Ir a ſmooth cork. ball be hung in a long filken fing, and 
electrified poſitively, it will always be repelled by poſitive, an; 
attradted by negative electricity. But the ſtrongeſt repulſion will 
e into attraction at a certain diſtance. - | 

Ir two pith palls hung by linen threads, and diverging with 
politive cledtricity, be ĩinſulated, though in conection with con- 
ductora of conſiderabile lebgeh, the approach of a body electriftell 
poſitively will firft make them ſeparate, and then (if chu eloc- 
tricity of the balls be ſmall, and that of the approaching body 
great) it will, at a certain diſtanoe, make them approach, and 
at length come into contact with it. Sometimes the divergence 
Previous; ta the convergence is very ie * a great 
attention, is apt to be overlooked. 

II ͤ the balls have a 3 with the cant, for 
Kamen if they be held in the hand of a perſon flanding on the 
ground, and (as in the former cafe): they be: made to diverge 
with poſitive electricity, in conſequence of being held within 
the influenee of a body cleftrified negatively, the approach of 
-pofitive electricity will make them converge, and negative elec- 
tricity will make them diverge :. the electrie matter of the ap- 

proaebing body, in the former caſe,  repelling that of the balls, 
and thereby, as it ere, unelectriſying them; whereas, in the 
latter caſe, the negative electricity of an approaching body 
draws it more powerfully into the threads, and makes them 
diverge mote. This method of judging is, therefore, encel- 
-leatly hw aſcertain the hong of POW een attnof- 


Phere, 
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rey or of a charges} jar ot battery, * balls + tek Hoe in 
the hand of a perſon ſtanding on the earth or the floor. 
"To diſcover: ſmaller degrees of electricity than the ball can 
mov to advantage, uſe a very fine thread, or two of them. 1 
inſulation be neceſſary, faſten it to a ſtick of baked wood. But 
the moſt accurate meaſure of electricity I have yet hit upon, is a 
fingle thread of filk as it comes from the worm. When the 
end of this has received a ſmall degree of electricity, it will re- 
tain it a confiderable time, and the flighteſt eleric force will 
give it motion. Before any experiments be made, let it be 
carefully obſerved how long, in any particular fituation, it will 
retain the degree of electricity that is intended to be given to it; 
and let allowance be made for that i in the courſe of the experi- 
ments. It will retain electricity much longer, if a ſmall piece 
of down from a feather be faſtened to it, but it will not acquite 
the virtue ſo ſoon. And it will be moſt eaſy to manage, if two 
or three threads of filk be uſed, and the piece of down be ſo 
adjuſted to them, that it ſhall but Juſt prefer a perpendicular 
ſituation, and not abſolutely float in the air at random. This 
electrometer is not liable to the inaccuracies of thoſe that have 
a ſenſible weight: : for as there is always a ſphere of attraction 
within a ſphere of repulſion, the weight of the electrifled body 
will allow another to paſs the boundary of thoſe two ſpheres, 
without a ſenſible obſtruction; but the body I am deſcribing 
immediately retires, . with iT, its s ſpheres of attraction 24 regu 
ſion about it. N 
Tux force of the 1 ELECTRIC shock is in proportion to the 
quantity of ſurface coated, the thinneſs of the glaſs, and the 
power of the machine. That this laſt circumſtance ought to be 
taken into conſideration i is evident : for different machines will 


charge the fame jar very differently. With one machine, for 
2 n inſtance, 
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Hitirlee, A bb wider to diſcharge. nell. when K can 
* 2 itt n en 210: by __ : 12 
glo eh 4 is: fatſt, Sas vb clerical | 

een e charges alſo higheſt. Therefore a number of 
| globes. will-not ay cg» Faſter, but wa f Probably, Hieher 
tbl apghe globe. G eiae os int bins 10228 Non 

Tux moſt effectual * of 5 a jar is to (AHN the 
outſide by: means of wires, with the rubber, while the wire 
proceeding from the inſide is in contact with the conductor. In 
this manner the inſide of the Jar will be ſupplied. with the very 
fame fire that left the outſide. _ In this caſe alſo the jar will re- 
Ceive as high a charge as It is capable of receiving, though. the 
fubber be inſulated, and have no communication but with the 
outſide coating; ſo that, in the caſe; of charging, there can 
be no occaſion for the directions given above, when the able, 
| the floor of the room, or the ground are very dry. 
Tux greateſt quantity of fire that a Jar will hold is not Aae 
the quantity it will contain when it is coated juſt ſo low as not 
to diſcharge itſelf. In this caſe, indeed, the part that is coated 
is charged as bigh as it can be, but then a conſiderable part of 
the ſurface is not charged at all, or very imperfectly. On the 
other hand, if the jar be coated very high, it may be made - 
to diſcharge itſelf with as ſmall an exploſion as one chuſes. 
1 he exact maximum of the charge of ny jar is not "Oy to aſcer- 
Tur greateſt effort 1 in a jar to 4 diſcharge Hamme 65 be 
about half a minute, or a minute, after it is removed from the 
oonductor:; owing, perhaps, to non- electric duſt or moiſture 
attracted by and adhering to the glaſs, between the outſide 
and inſide coating; fo that if there be any apprehenſion of its 
MATT | 3 14444 diſcharging 
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dilcharging itſelf, it is adviſable | to e i before it . 
ſtood charged at all. ier 30 77 
Wu a thin jar is diſcharged; it 1s eic e not pay te it by 
placing the diſcharging rod oppoſite to the thinneſt part. It 
wil endanger the burſting of the jar in that place. 7 
Tux more perſons } Join hands to take a ſhock the weaker it 
„„ 
Ix two jars, of the Le thickneſs, be uſed. . the 
be of them will receive no higher a charge than the weak», 
If one of them, for inſtance, be coated ſo high as that it, 
wil diſcharge itſelf, either with or without burſting, after a 
few turns of the wheel; the other will always be diſcharged 
along with it, though it was capable of being charged. ever fo. 
high by itſelf. The method, therefore, of eſtimating the force, 
of a number of jars, is to conſider each of them as capable of 
containing no more * than the weakeſt in the company. It 
follows from hence, that if a ſingle jar in a large battery have 
the ſmalleſt crack in the coated part of it, not one of them is 
capable of being charged i in conjunction with it. 
In large batteries, it is adviſable to coat the j Jars pretty N 
the diſſipation of the electric matter from ſo great a ſurface when 
the charge is high being very conſiderable. The batte ry might 
be made ſo large, as that, after a very moderate charge, the 
machine would be able to throw no more fire in than was exhal- 
ed, as we may ſay, from the ſurface. This would be the 
MAXIMUM OF THE POWER OF THAT MACHINE IN CHARGING. _. 
| In order to judge c of the ſtrength of a charge (which, in large 
batteries, is a thing of conſiderable conſequence). preſent Mo. 
Canton's balls to the wires, from time to time. A co | 
of the ure of their divergence, compared with the actual. ex- 
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ploſion, will ſoon enable the operator to tell how high his (bats 
tery is charged, and what will be the force of the exploſion: 
I comparing different exploſions by their power to melt 
= ; wires, let it be obſerved, that, in wires of the fame thickneſs, 
EE f wee forces that melt them will be in the proportion of the 
[ 3 lengths; and in wires of the ſame OT in the prop: rtion of 
= this ſquares of their diameters. _ 
= Dios not expect that the exploſion TY a battery will: tre! a 
| TN number of leaves of paper in proportion to its force in other reſ- 
pects. That depends upon the height of the charge much more 
than the quantity of coated ſurface. I have known an exploſion 
which would have melted a pretty thick wire not able to pierce 
| the cover of a book, which a ſmall common jar would have done 
| 5 with eaſe. If it had been pierced with the exploſion of the bat- 
| tery, the hole would have been larger in proportion. ' . 
| | Lux no perſon imagine that, becauſe he can handle the wires 
of a large battery withont feeling any thing, that therefore he 
may ſafely touch the outſide coating with one hand, while the 
other is upon them. I have more than once received ſhocks that 
I ſhonld not like to receive again, when the wires ſhowed no ſign 
of a charge; even two days after the diſcharge, and when papers, 
books, my hat and many other things had lain upon them the 
greateſt part of the time. If the box be tolerably dry, the reſi- 
duum of the charge will not diſperſe very ſoon. 1 have known 
even the re/iduum of a refiduum in my batteries to remain in them 
| | ſeveral days. For preſently after an exploſion, 1 ſeldom fail to 
\ diſcharge the reſiduum; which, in ſome caſes, is 5 very conſide- 
4 rable, for fear of a diſagreeable Weit. 
. SMALL ſhock paſſing through the body gives a ſenſation 
much more acute and pungent than a large one. I cannot boaſt, 
like Pr. F — of being twice firuck ſenſeleſs by the electric 
| „„ ſhock ; 
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ſhock ; but I once, inadvertently, received the full charge of 
two jars, each containing three ſquare feet of coated glaſs. The 
ſtroke could not be called painful, but, though it paſſed through 
my arms and breaſt only, it ſeemed to affect every part of my 
body alike. * The only inconvenience I felt from it was a Kl 
tude, which went off in about two hours. 
Ma. WIL ck E was ſtruck down ſenſeleſs, by accidentally re- 
ceiving, from his head to his feet, the charge of a large chymi- 
cal receiver. He thought, that if he had received a ſhock five 
times as large, he ſhould never have written the account of 
N. 


» Remarks on Franklin's Letters, p. 362. 8 
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5 4 DESCRIPTION oF > THE Mort EN nt EXPERI- 
MENTS |: PERFORMED BY 7 ELECTRICITY. : 


LECTRICITY has one conſiderable advantage over moſt 

other branches of ſcience, as it both - furniſhes matter of 
ſpeculation for philoſophers, and of entertainment for all perſons 
promiſcuouſly. Neither the air pump, nor the orrery ; neither 
experiments in hydroſtatics, optics, or magnetiſm ; nor thoſe 
in all other branches of Natural Philoſophy ever brought toge- 
ther ſo many, or ſo great concourſes of people, as thoſe of elec- 
tricity have done ſingly. Electrical experiments have, in almoſt 
every country in Europe, occaſionally furniſhed the means of 
ſubſiſtance to numbers of ingenious and induſtrious perſons, whoſe | 
circumſtances have not been afluent, and who have had the ad- 
dreſs to turn to their own advantage that paſſion for the marvel- 
lous, which they ſaw to be ſo ſtrong in all their fellow creatures. 
An emperor need not deſire a greater revenue than the ſums 
which, have been received in ſhillings, ſixpences, threepences, 
| and twopences, for exhibiting the Leyden experiment. 
Ap if we only conſider what it is in objects that makes them 
capable of exciting pt pleaſing. aſtoniſhment, which has ſuch 
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charms for all mankind; we ſhall not wonder at the eagerneſs 
with which perſons of both ſexes, and of every age and conditi- 
on, run to ſee electrical experiments. Here we ſee the courſe 
of nature, to all appearance, entirely reverſed, in its moſt fun- 
ntal laws, and by cauſes ſeemingly the ſlighteſt imaginable.. 
And not only are the greateſt effects produced by cauſes which 
ſeem to be inconſiderable, but by thoſe with which they ſeem 
to have no connection. Here, contrary to the principles of gra- 
vitation, we ſee bodies attracted, repelled, and held ſuſpended 
by others, which are ſeen, to have acquired that power by nothing 
but a very ſlight friction; while another body, with the very 
ſame friction, reverſes all its effects. Here we ſee a piece of 
cold metal; or even water, or ice, emitting ſtrong ſparks of 
fire, ſo as to kindle many inflammable ſubſtances ; and in vacua 
its light is prodigiouſly diffuſed, and copious; fo as exactly to 
reſemble, what it really is, the lightning of heaven. Again, 
what can ſeem mere miraculous than to find, that a. common 
glaſs phial or jar, ſhould, after a little preparation (which, how- 
ever, leaves no viſible effect, whereby it could be diſtinguiſhed 
from other phials. or jars). be capable: of giving a perſon. ſuch a 
violent ſenſation, as nothing elſe in nature can give, and even 
of deſtroying animal life; and this ſhock attended with an ex- 
ploſion like thunder, and a flaſh like that of lightning ? Laſtly, 
what would the antient philoſophers, what would Newton him- 
ſelf have ſaid; to ſee the preſent race of eleQricians imitating in 
miniature all the known effects of that tremendous power, nay 
diſarming the thunder of its power of doing miſchief, and, 
without any apprehenfion of dan ger to themſelves, drawing 
lightning from the clouds into a private room, and amuſing 
themſelves at their leiſure, by performing with it _ the experi- 
= ments that are exhibited by electrical machine. 
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go far are philoſophers from laughing to for the aſtoniſhmerit 
of the vulgar at theſe experiments, that they cannot help view- 
ing them with equal, if not greater aſtoniſhment themſelves, In- 
deed, all the electricians of the preſent age can well rememder | 
the time, when, with reſpect to theſe things, they them 
would have' ranked among the ſame ignorant ſtaring vulgar: | % 
Brstrors, fo imperfectly are theſe ſtrange appearances under- 
food, that philoſophers themſelves cannot be too well acquainted 
with them ; and therefore ſhould not avoid frequent opportuni- 
ties of ſeeing the ſame things, and viewing them in every light. 
It is poſſible that, in the moſt common appearances, ſome cir- 
cumſtance or other, which had not been attended to, may ftrike 
them ; and that from thence light _ 50 ee _— 57 1 
other electrical appearances. * 
WeurTHer philoſophers may think this confiderarivs" whe 
attending to or not, I ſhall, for the ſake of thoſe electricians who 
are young enough, and, as it may be thought, childiſh enough, 
to divert themſelves and their friends with electrical experiments, 
deſcribe a number of the moſt beautiful and ſurpriſing appearan- 
ces in electricity; that the young operator may not be at a loſs 
what to exhibit when a company of gentlemen or ladics wait up- 
on mn. and that he may be able to perform the experiments 
to the moſt n. without —— * N 0 
n himſelf. | 
To make this buſineſs 4 vis! to the yolng operator, I mall 
conſult his convenience in the order i in which I ſhall relate the 
experiments, beginning with thoſe which only require ſimple 
 eleQrification, then proceeding to thoſe in which the Leyden 
experiment is uſed, and concluding with thoſe in which recourſe 


muſt be had to other philoſophical inſtruments. in 00ny union 
| "_ the electrical machine. : | 
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pleaſing a manner by the tube, a8 they. 
methods that have been found out ſince the later improvements 
in electricity. It is really ſurpriſing to ſee; a feather, or. a piece 
of leaf gold firſt attracted by a glaſs. tube excited by a, ſlight 
friction, then repelled by it, and held ſuſpended in the air, or 
driven about the room wherever the qperator pleaſes; and tlie 
ſurpriſe is increaſed by ſeeing, the feather, which was repelled 


# ou 3 


1 * 
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by the ſmooth; glaſs; tube, attracted by an excited rough. tube, 


or a ſtick of ſealing wax, &c. and jumping from the deen Wan 
other, till the electricity c of both be diſcharg 4 bel 


obſervation.” of Otto Guericke the leaſe pleafi 
' turning the tube round the fe 
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of the feather is always preſented. do MPETTE ls 10 
..» ByT, Gnce electrical ſubſtances part with: their electrioity b 
gowly. the more rapid alternate attractions — > 
ſhown to the beſt advantage at the prime conductor. Thus pre- 

ax in i unt 


| HE phenomena of elearical memos are Feen in wad 


% 
N R — = — _ < y 
** 2 — 
—_— oy —ů ů —-—3 — ] —¹¾˙¾] — PO ene 
O90 1 —— 
— 0 4 * * 
— ** 7 » * 
* þ A 5 - 
\ = 2. «ck ».00m * - l 
_ — — . r r 4 


— a 
̃—9— res en p 
9 — — — 


523 EXPERIME NIS Wan? Parr VIE 


ſent a number of ſeeds: of any. Mind,, grains of ſand, a quantity 
of braſs duſt, or other light ſubſtances in a metal diſh (or rather 
in a glaſs cylindrical veſſel ſtanding on a metal plate) to another 
plate hanging from the conductor ſas at u and 0 Pl. ii.] and the 
light ſubſtances will be attracted and repelled with inconceiv- 
able rapidity, ſo as to exhibit a n n, which... in the 
dark will be all laminous. 
+ SUSPEND one Jeto:of :onctal- ano: nd adn a 
metal ſtand, of the n Hizey ab the diſtance of a few inches 
exactly under it, and the ſtand put the figures of men, 
animals, or whatever elſe ſhall be imagined, cut in paper or 
leaf gold, and pretty ſharply pointed at both extremities; and 
1 upon clectrifying the upper plate, they will perform a 
'with amazing r of . an to the great di- 
| +kic £25. ofs. :- 3717 2005 4 214 os 
- Irs downy feather; or a piece bf chit down be ufed in this 
Lan zer, it Will be attracted and repelled with ſuch aſtoniſhing 
ter t boch its form and motion will difappear; all that 
i to be diſcerned being its colour only, which will OY 
n the dns ee in which it vibrates. «- 
x piece of leaf gold be cut with a pretty large angle ut o one 
| Seer. and a very acute one at the other, it will need no 
4 plate, but will hang by its larger angle at a mall diſtance 
from dhe bude sr and by the continugl waving motion' of i its 
10 r extremities, in have the appearance of ſomething a anj- 
mated; biting or nibling at tf conduftor. It is therefore called 
by Dr. Franklin the g,àc o sss. 
To che dancing en bee mene it is very amuſing to 
add a ſet of ELECTRICAL III IS. (i Theſe amen, of three oo 
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bells, tke two outermoſt of which are ſuſpended from the con- 
dactor by chains, and chat in the” middle by a Glken firing, 
While a chain c nnects it with the floor; and two ſmall knobs 
of brals, to ſerve inſtead of elappers, hang by ſilken ſtrings, one 
between each two bells. In conſequenee of this diſpoſition, when 
the two outermoſt bells, cbmmunicating with the conductor, are 
electrifled, they will attract the clappers, and be ſtruek by them. 
The clappers, being thus loaded with electricity, will be repell- 
ed, and fly to diſcharge themſelves upon the middle bell. Af- 
ter this, they will be again attracted by the outermoſt bells: 
| and thus by ſtriking the bells altetnately, continual! ringing 
may be kept up as long as the operator pleaſes. In the dark, / a 
continnal flaſhing of lighr will be ſeen between the clappers, and 
the bells; and when the eleQrification' is very ſtrong, . theſe 
flaſhes of light will be ſo large, that they will be tranſmitted by 
the clapper from one bell to the other, without its ever coming 
into actual contaR with either of them, and the ringing will, con- 
ſequently, ceaſe. When thefe two experiments of the bells and 
the figures are exhibited at the fame time, they have the appear- 
ance of men or animals dancing to the muſic of the ow ; Aa 
if well conducted, may be very diverting. © Dy 627 F045 
Ix a piece of burnt cork, about the bigneſs of a pea, cut out ins 
the form of a ſpider, with legs of Iinen thread, and a grain or 
two of lead put in it, to give it more weight, be ſuſpended 
by a fine filken thread, it will, like a elapper between the two 
bells, Jump from an electriſied to an unelectriſied body and back 
again, or between two bodies poſſeſſed of different electricities, 
moving its legs as if it were alive, to the great ſurprize of per- 
ſons unacquainted with the conftru: ion of it. This is an Ames 
rican Invention, 1 and f ĩs deſeribed to, 4 Dr. r 
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erahnen binntifel expaimbotc which Ae 
cat repugds may be ſhown-to great advantage by bundles of 
thread, or of hair, ſuſpended from the conductor, or preſented to 
it. They will ſuddenly ſtart up, and ſeparate upon being elec- 

8 ook e eee collapſe, when the electricity is taken off. 
If the operator can manage this experiment with, any degree of 
dexterity, - the hair will ec to eee fo if od} fall. at 
the wordjof command. 
Ir a large plumy 4 Sat be fixed — wy on z an elearibed 3 
or held in the hand of a perſon, electriſied, it is very pleaſing to 
obſerve how it becomes turgid, its fibres extending themſelves 
in all, directions from the rib: and how it ſhrinks, like the ſen- 
fative plant, When any unelectrifed body touches it, the point 
of a pin or needle 1s; e to it, or 1 
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— We effects of clearical repu Gon are frown þ in . more far 
Peiſing manner 


by means of water iſſuing out of a capillary tube. 
ſſel of water be ſuſpended from the conductor, and a ca- 
0 it, the water will iſſue ſlowly, and in 
1e form of large drops. from. the lower leg of the ſyphon,; but, 
upon eleckrifying this little apparatus, inſtead of drops, there 
will be one continued ſtream of water; and if the electrification 
be ſtrong, a number of ſtreams, in the form of a cone, the apex 
of Which will be at the extremity of the tube; and this beautiful 
ſhower will be luminous in the dark. 1 vid 
LASTE V, Mr. Rack row s experiment (as i it is L call- 
ed) is a riking inſtance of electrical attraction and repulſion, 
and, at the ſame time, exhibits a very pleaſing ſpectacle. Elec- 
trify a hoop of metal, ſuſpended from the prime conductor (or 
ſupported with ſmall. pieces of ſealing wax, &c.) about half an 
inch above a plate of metal, and parallel to it. Then place a 
5 e round 
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round gal bubble, blown very light, upon the plate, near che 
hogp, and it will be immediately attracted to it. In conſequence 
of this, the part of the bubble which touched the hoop will ac- 
quire ſome electric virtue, and be repelled; and, the electricity 
not being diffuſed over the whole ſurface of the glaſs, another 
part of the ſurface will be attracted, while the former goes to 
diſcharge its electricity upon the place. This will produce A 
revolution of the bubble quite round the hoop, as long as the 
electrification is continued, and will be either way, juſt as it 
happens to ſet out, or as it is driven by the operator. | If the 
room be darkened the glaſs ball will be beautifully illuminated. 
Two bubbles 1 may be made to revolve about the ſame hoop, one 
on the inſide, and the other on the outſide ; and either in the 
ſame, or contrary directions. If more hoops be uſed, a greater 
number of bubbles may be made to revolve, and thus a kind of 
Planetarium or orrery might be conſtructed, and a ball hung over 1 1 
the center of all the hoops would ſerve to repreſent the ſun in the | - 
center of the ſyſtem.” Or the hoops might be made elliptical, Ss 
and the ſun be placed 1 in one of the foci. N. B. A bell or any in 
metallic veſſel inverted would ſerve inſtead of a fingle hoop. 1 2 9 
All the motions above-mentioned are the immediate effect of 55 E. 
electrical attraction and repulſion. The following amuſing ER = 
periments are performed by giving motion to bodies through the 
medium of air, i. e. by firſt putting the air in motion. Let the 
electrician provide! himſelf with a ſet of vanes, made of gilt paper f 
or tinſel, each about two inches in length and one in breadth. 5 | 
Let theſe be ſtuck in a cork, which may. be ſuſpended from a 
magnet by means of a needle ; and then, if they be held at a | 
ſmall diſtance on one fide of the end of a pointed wire proceed- 
ing from the conductor, they will be turned round with great 
alf b the current of air which flows from the fen. — — | 
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the vanes be rer 
will pt ſently ſtop, and bez | 
; contrary direction; and thus the motion may be changed at plea- | 
ſure. This experiment may 'be diverſified by vanes cut in the 
form of thoſe of a ſmoke jack; ' 


of a pointed wire, turned upwards, and electrified, they will be 
turned round very fwiftly, by the current of air flowing upwards. 


to che other ſide of the point, the motion 
i again with the fame rapidity in a 


en, being held over the end 


If they be held under a point projecting W they will 


4 be turned the contrary way. 


On the top of a finely pointed wire, ring perpendicularly 


Ka the conductor, let another wire ſharpened at each end be 


made to move freely as on a center. II it be well balanced, and 
the points be bent borizontally. in oppoßte directions, it will, 
when electrified, turn very ſwiftly round, by the reaction of the 
air againſt the current which flows off the points. Theſe points 
may be nearly concealed, and horſes or other figures placed upon 


the wires, ſo as to turn round with them, and look as if the one 
| purſued the ather. This experiment Mr. Kinnerfley calls the 


ELECTRICAL HORSE RACE. If the number of wires Proceeding 
from the ſame center be increaſed, and different figures be put 
upon them, the race will be more complicated and diverting. If 


this wire which ſupports the figures have another wire finely 
painted riſing from its center, another ſet of wires, furniſhed 
with other figures, may be made to revolve above the former, 
and either 1 in the ſame, or in a | contrary. direction, as the wm 


tor pleaſes. | vx 
Is ſuch a wire, pointed at each end, and the Aa 8 in 


oppoſite directions, be furniſhed like a dipping needle with 3 


ſmall axis fixed in its middle, at right angles with the bendin 
of the points, and the fame be placed between two inſulated wire 
ſtrings, near and parallel to each other, ſo that 1 it may turn on 


its 


\ 
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its axis freely upon tate ein wem it will, thin cleari- 
fied, have a progreſſive as well as circular motion, from one end 
of tlie wires that F other, . 0 even 32 a 

We aſcent. th . 

A vA of beautiful appearances Hays by: exhibited. by 
means of electrical L In, even in the open air, if the room be 
dark. Brüſhes of light from: points electrified poſitively, and 
made very ſharp, or from the edges of metallic plates, di- 
verge in a very beautiful manner, and may be excited to a great 
length, by preſenting to them a finger, or che palm of the hand, 
to which they feel like ſoft lambent flames, which have not 
the leaſt pungency, nor give a difagreeable ſenſation of any kind. 
It is alſo amuſing to obſerve the difference there is between : 

' bruſhes of ve from r wan cleAified Ly 
25 negatively. *. | 

Ix the electrical horſe race . 4 | Gall flame 
will be ſeen in the dark at every point of the bent wires; ſo that, 
if the operator can contrive to make the wire terminate in the 
horſe s tail, it will ſeem to be all on fire. And if a circular 
plate of metal be cut into the ſhape of a ſtar, ſo that every point 
may be at the fame diſtance from the center, and the center be 
made to turn freely on a point, like the wires in the preceding 
experiment, a ſmall flame will be ſeen at every point; and if 
the ſtar be turned round, it will exhibit the N . lu- 
cid cirele, without any diſcontinuance of the light. 

Ir the electric ſparks be taken from a braſs 1 at the baths... 
mity of a long braſs rod, inſerted into the prime „ they 
will often be ſeveral inches long, and. iflue in a Lake variety af © 

crooked. directions, exactly reſembling t the courſe of lightning, and - 
| exhibiting a very amuſing ſpectacle. A friend of Dr. Fr ranklin' 3 
ſuppoſes that the ſpark is thrown out of « a trait courſe by the 
_ denſity 
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denſity of the air N by the actidn and reaction of the two 
«i Guides, which are repulſive of one hnother. “ quad ben 
As the motion of electric matter is, to the ſenſes, inſtanta- 
| neous, a variety of beautiful appearances may be exhibited by a 
number of ſmall. electric ſparks, diſpoſed in various forms. 
This may be done by means of a board and a number of wires, 
in the following manner. Let two holes be made through the 
board, about a quarter of an inch on each fide of the ſpot where 
a ſpark is defired. Let the extremities of the wires neatly round- 
ed, come through theſe holes, and be brought near together, 
exactly over the place; and let the wires on the back fide of the 
board be fo diſpoſed, as that an electric ſpark. muſt take them 
all in the fame circuit. When they are thus e all the 


| by Was at $i prime dess In this manner may, beautiful 
repreſentations be made of any of the conſtellations, : as of the 
great bear, Orion, &c; and in this manner, alſo, may the 
outlines of any e as of 9 8 in eee be air 
"Ty Abbe N alles his Were a eds deal of pains to 1 5 
| Appearance of letters, and other figures, by means. of electric 
ſparks, and as it is impoſſible to make the ſparks follow one ano- 
ther in a complete circle, on the ſame. fide of any flat ſurface, 
he makes uſe of plates of glaſs, and places one half of the cir- 
cle, &c. on one fide of the plate, and the other half on the other 
Aide, connecting the pieces that are neareſt one another, but on 
different ſides of the glaſs, by wires brought round it. The 
elne mee would be too tedious for this place, but the cation 


4 4 
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will b very eaſy, to any perſon who has büt u hne k 1 
ledge of electricity. 5 
FT fotce of an electric b in ſettiog fire to various Tab- 
ſtances was one of the firſt experiments that gave an eclat to 
electricity, and it ĩs ſtill repeated with pleaſure. Spirits of wine 
a little warmed are commonly made uſe of for this purpoſe. 
The experiment will not fail to ſucceed, if a pretty ſtrong ſpark 
be drawn, in any manner, or direction whatever, through any 
part of it; and this may eaſily be done many ways, if it be con- 
tained in a metal ſpoon with a pretty wide mouth. A candle 
newly blown out may be lighted again by the electric ſpark 
paſſing through the groſs part of the ſmoak, within half an inch 
of the ſnuff; though it is perhaps blown in again by the motion 
given to the air by the force of the exploſion. Alſo air produ- 
ced by the efferveſcence of ſteel filings with oil of vitrol diluted 
with water, and many other ſubſtances, which throw out an 
inflammable vapour, may be kindled by it. 

Tux ftrong phoſphoreal or ſulphureous ſmell, whack may be 
perceived by preſenting the noſtrils within an inch or two of any 
electrified point, makes a curious experiment, but it does not 
give a pleaſing ſenſation. | 

LASTLY, the moſt entertaining experiment that can be per- 
formed by ſimple electrification, is when one or more of the 
company ſtand upon an inſulated ſtool, holding a chain from 
the prime conductor. In this caſe, the whole body is, in reality, 
a part of the prime conductor, and will exhibit all the ſame ap- 
pearances, emitting ſparks wherever it is touched by any perſon 
ſtanding on the floor. If the prime conductor be very large, the 
ſparks may be too painful to be agreeable, but if the conductor be 
ſmall, the electrification moderate, and none of the company 
preſent touch the eyes, or the more tender parts of the face of the 
Yyy N perſon 
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| perſon eleftrified, the experiment! is diverting er to > all : 


parties. | 
Mosr of the experiments . may ts: tay: per- 
formed to the moſt advantage by the perſon ſtanding upon the 
- tool, if he hold in his hand whatever was directed to be faſtened 
to the prime conductor. Spirits of wine may be fired by a ſpark 
from a perſon's finger as effectually as in any other way. Care 
muſt be taken that the floor on which the ſtool is placed be free 
from duſt, but it is en adviſable to bare a large ſmooth board 


OO? 


SECTION 


„ THz LET BEN PHIAL. gat 


*, 
* f * 
{ 11 4 2 E 233 * ; 
I 
* L 5 
A 5 
. p ws, 17 * 
* "of „ f Ay © 
* 4 
» 3 
} * TS | ” w * ; 
6 * 4 . * 7 $ - * * 1 7 . * re 3 * — 
N 3 ri * 
a 488 * 
* 
* , 6 q * « * Py, F 7 , *. 
4 % 4%. # 2 B „ % n N — 8 fo 
F | 0 2 a x L F ; 
| "© wal 
© + E a * a 9. * on 
* 1 . 2 1 
r 2 
2 6 of \ 8 . . * * 2 
* 4 A y * 
N ;% x * 
* 4 o 2% 5 * 1 - 
2 It x ng : * % * 1 . * 
W .£&. & 0 5 , 1 4 £ * ＋ b C 4 % £ . 
| : 75 |  & | 


ENTERTAINING EXPERIMENTS: PERFORMED BY MEANS | 
or THE LEYDEN PHIAL. WE 


* 


T O electrical experiments ew the joint a of Fg 
- ſure and ſurpriſe i in any manner nnen to thoſe that 
are made by means of the Leyden phial. All the varieties of 
electrical attraction and repulſion may be exhibited, either by 
the wire, or the coating of it; and if the knobs of two wires, 
one communicating with the infide, and the other with the 
outſide of the phial, be brought within four or five inches of 
one another, the electrical ſpider aboye- mentioned wilt dart 
from the one to the other in a very ſurpriſing manner, till the 
Phial be diſcharged. But the peculiar advantage of the Leyden 
experiment is, that, by this means, the electrical flaſh, report, 
and ſenſation, with all cheir effects, may be increaſed to almoſt 

any degree that is defired, : : 

Warn the phial, or he jar, is charged, the ſhock is given 
through a perſon's arms and breaſt, by directing him to hold a 
chain communicating with the outfide in one hand, and to 
touch the wire of the phial, or any conductor communicating | 
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with it, with the other hand. Or the ſhock may be made to 

paſs through any particular part of the body without much af- 
fecting the reſt, if that part, and no other, be brought into the 
circuit through which the my n pa from one ſide of _ phi- 
al to the other. 

A GREAT deal of iverſion is ans octafioned al giving a per- 
ſon a ſhock when he does not expect it; which may be done by 
| concealing the wire that comes from the outſide of the phial under 
the carpet, and placing the wire which comes from the inſide in 
ſuch a manner in a perſon's way; that he can ſuſpe& no harm 
from putting his hand upon it, at the ſame time that his feet 
are upon the other wire. This, and many other methods of 
giving a ſhock by ſurpriſe, may eaſily be executed by a little 
contrivance ; but great care ſhould be taken that theſe ſhocks 
be not _ and at oY 18 not given to all an Ore: 
cuouſly. 

Wuxx a . perſon r receives the eck hes company. is uh 
W at his ſole expence; but all contribute their ſhare to the 
entertainment, and all partake of it alike, when the whole com- 
pany forms a circuit, by joining their hands ; and when the ope- 
rator directs the perſon who is at one extremity of the circuit to 
hold a chain which communicates with the coating, while the 
perſon who is at the other extremity of the circuit touches the 
wire. As all the perſons who form this circuit are ſtruck at the 
ſame time, and with the ſame degree of force, . it. is often very 
pleaſant to ſee them ſtart at the ſame moment, to hear them 
compare their ſenſations, and obſerve the 1 very different accounts 
they give of it. 

Tuls experiment may be agreeably varied, if the operator, 
inſtead of making the company join hands, direct them to tread 
upon each others toes, or lay their hands upon each others heads; 

and 
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and if, in the latter caſe,” the whole company mould be ſtruck 

to the ground, as it happened when Dr. Franklin once gave the 
ſhock to ſix very ſtout robuſt men, the inconvenience! ariſing 
from it will be very inconſiderable. The company which the 
Doctor ſtruck in this manner neither heard nor felt the ſtroke, 
and immediately got up again, without knowing what had hap- 
pened. This was done with two of his large Jars —_— contain+ 
ing about fix gallons) not fully ehe | 

Tux moſt pleaſing of all the ſurpriſes that are given oy th | 
Leyden phial is that which Mr. Kinnerſley+ contrived and called 
the MAGIC PICTURE, Which he deſcribes; in- the: following man- 
ner. Having a large metzotinto, with a frame and glaſs (ſup- 
poſe of the king) take out the print, and cut a pannel out of it, 
near two inches diſtant from the frame all round. If the cut be 


through the picture, it is not the worſe. With thin paſte, or 


gum water, fix the board that is cut off on the inſide of the glaſs, 
| preflin git ſmooth and cloſe, then fill up the vacancy, by gild- 
ing the glaſs well with leaf gold, or braſs. Gild likewiſe the 
inner edge of the back of the frame all round, except the top 
part, and form a communication between that gilding and the 
gilding behind the glaſs; then put in the board, and that fide 
is finiſhed. Turn up the glaſs, and gild the foreſide exactly 
over the back gilding ; and when it is dry, cover it, by paſting 
on the pannel of the picture that has been cut out, obferving to 
bring the correſpondent parts of the board and picture together, 
by which the picture will appear of a piece as at firſt, only part 
is behind the glaſs, and part before. Laſtly, hold the picture 
horizontally by the top, and ume a little DEI 72 crown 

on x the 8555 head. 7 Ne 2s 240,070 ho tak 
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Touch its inſide gilding, and with the other hand endeavour” to 
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Ir now the pi ure be moderately electriſied, aahd another per- 


bn tale hold of the flame with ohe hand; ſo that his firigers 


cake off the crown, he will receive a terrible blow, and fail in 
che attempt. The operator who holds the picture by the upper 
end! Where che inſide öf the frame is not gut. to prevent its 
falling, feels nothing'of the ſhock, and may touch the face of 
_ the picture without danger, which he pretends: to be a teſt of his 
loyalty. If a ring of perſons take a wen ee ere the ex- 
periment is called the comsPIxRA Tos. 

_ - As the 


he eleQric fre may be made real ener vircuit ** 
operator ſhall pleaſe to direct, it may be chte wn into a great. va- 
riety of beautiful forms. Thus, if a charged pliial be placed at 
one extremity of the gilding' of à book, and the diſcharge be 
made by wire which touches the other extremity, the whole 
gilding wil! be rendered luminous. Zut if ſeveral pretty ſtrong 
hocks be ſent through the ſame gilding, they! will: ſoon; rendet 
it incapable-of tranſmitting any more, by breaking and ſepara- 
ting the parts too far aſunder. Alſo the ele&ric conſtellations and 
figures,” mentioned above, may be Tighted up much more: ſtrongly 
by a charged phial chan by ſparks from the conductor; '6nly;'they 
Sher be ned up ſo often in this way. © + at 
O the ſame principle that the wires of pniale charged differ- 
entiy will attract and repel differently, is made an ELECTRICAL 
_ wane,” which Dr. Franklin ſays, turns with eonfiderable 
ſtrength, add of which he gives the following de ſcription.” A 
mall upright ſhaft of wood paſſes at right angles through a thin 
round board, of about twelve inches diameter, and turns on 2 
ſharp point of iron, fixed in the lower end ; while a ſtrong wire 
in the upper end, paſſin through a ſmall hole in a thin braſs 
plate, Keeps the ſhaft = vertical, About thirty radii, of equal 
length, 
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length, made of ſaſh glaſs, cut in narrow V flips, iſſue horizontal- 
| ly from the circumference of the board-; the ends moſt diſtant 

from the center being about four inches apart. On the e of 
every one a braſs thimble i is fixed, . 

. Ir. now the wire of a bottle, electrifed in 1 common way, 
be brought near the circumference of this. wheel, it will attra& 
| the neareſt thimble, and ſo put the wheel in motion, That 
thimble, in paſſing by, receives a ſpark, and thereby being | 

electrified, is repelled, and ſo driven forwards, while a ſecond 
being attracted approaches the wire, receives a ſpark, and i is driven 
aftet the firſt; and ſo on, till the wheel has gone once round; 
when the thimbles before electrified approaching the wire, in- 
ſtead of being attracted, as they were at firſt, are repelled, 
and the motion preſently ceaſes. _ 

Bur. if another bottle, which had heen 1 through tha 
coating, be placed near the ſame wheel, its wire will attract the 
thimble repelled by the firſt, and thereby double the force that 
carries the wheel round ; and not only taking out the fire that had 
been communicated by the thimbles to the firſt bottle, but 'even 
robbing them of their natural quantity, inſtead of being repelled 
when they come again towards the firſt bottle, they are more 
ſtrongly attracted; ſo that the wheel mends its pace, till it goes 
with great rapidity, twelve or fifteen rounds in a minute, and 
with ſuch ſtrength, that the weight of 100 Spaniſh dollars, with 
which we once loaded it, did not in the leaſt ſeem to retard its 
motion. This is called an ELECTRICAL JACK, and if a largo 
fowl was ſpitted on the upper ſhaft, it would be carried round. 
before a fire, with a motion fit for roaſting. - : 

Bur this wheel, continues the Doctor, like thoſe FR ng by 
wind, moves by a foreign force, to wit that of the bottles. 

Tur SELF MOVING WHEEL, though conſtructed. on the fame 


principles 


o 
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| | hne appears more Kirin. 3 is ds \ of a thin ga! 
bn _ plate of window glaſs, ſeventeen inches diameter, well gilt on 
both fides, all but two inches next the edge. Two fmall hemiſ- 


Pheres of wood are then fixed with cement to the middle of the 


upper and under ſides, centrally oppoſite; and in each of them a 
thick ſtrong wire, eight or ten inches long, which together 
makes the axis of the wheel. Tt turns horizontally, « on a point at 
the lower end of its axis, which reſts on a bit of braſs, cemented 
; | within a glaſs ſalt cellar. The upper end of its axis paſſes 
= through a hole in a thin braſs plate, cemented to a long and 
=. ſtrong piece of glaſs; which keeps it fix or eight inches diſtant 
from any non- electric, and has a ſmall ball of 3 WAX or r metal on 
its top, to keep in the fire. a | 
Ix a circle on the table which ſupports thi weed" are Bed 
twelve ſmall pillars of glaſs, at about eleven inches diſtance, . 
with. a thimble on the top of each. On the edge of the Wheel 
is a ſmall leaden bullet, communicating. by a wire with the 
gilding of the upper ſurface of the wheel ; and about fix inches 
from it, is another bullet, communicating, , in like manner, 
with the under ſurface. When the wheel is to be charged by the 
upper ſurface, a communication muſt be made from the under 
ſurface to the table. 5 1 7, 
Wars it is well charged, it : begins to move. The bullet 
aſt to a pillar moves towards the thimble on that pillar, and, 
paſſing by, electrifies it, and then puſhes itſelf from it. The 
ſucceeding bullet, which communicates . with the other ſurface 
of the glaſs, more ſtrongly attracts that thimble, on account of 
its being electrified before by the other bullet, and thus the 
\ wheel increaſes its motion, till the reſiſtance of the air regulates 
it. It will go half an bour, and make, one minute with ano- 
ther, twenty turas in a minute, which is 600 turns in the whole, 


25 : the 
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the. bullet of the upper ſurface giving in each turn twelve Saks 
to the thimbles, which makes. 7209 ſparks, and the bullet of the 
under ſurface receiving as many from the thimble, thoſe bullets 
moving in the time near 2 500 feet. The thimbles are well fixed, 
and in fo exact a circle, that the dam * poli: within a very 
ſmall diſtance of each of them. 1 4 

Ir inſtead of two bullets, you * 4 3 communicatiog 
with the upper ſurface, and four with the under ſurface; placed 
alternately (which eight, at about fix inches diſtance, complete 
the circumference) the force and ſwiftneſs will be greatly increaſ- 
ed, the wheel making fifty turns in a minute, but then it will 

not continue moving ſo long. 0 

Tusk wheels, the Doctor adds, may be applied perhaps to 
the ringing of chimes, and moving light made orreries, * 

' A PHIAL makes the moſt beautiful appearance when it is 
charged without any coating on the outſide, by putting the hand, 
or any conductor, to it, for then, at whatever part of the jar 
the diſcharge is made, the fire will be ſeen to branch from it in 
moſt beautiful ramifications all over the jar, and the light will 
be ſo intenſe, that the minuteſt of the branches _ be ſeen in 
open day light. 

Tux diſcharge of a large electrical buttery is rather an awful 
than a pleaſing experiment, and the effects of it, in rending va- 
rious bodies, in firing gun powder, in melting wires, and in 

imitating all the effects of lightning, never fail to be viewed 
with aſtoniſhment. In order to fire gun powder, it mult be 
made up into a ſmall cartridge, with blunt wires inſerted at 
each end, and brought within half an inch of each other, through 
which the ſhock muſt paſs: or a very {mall wire may be drawn 
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N n to | exhibit dt of the fineſt electrical experiments, 
the operator muſt call to his aid other philoſophical inftru- 
m ments, particularly che condenſing machine, and the air pump. 
Ir the fountain made by condenſed air be inſulated, and be 
made to emit one ſtream, that ſtream will be broken into a thou- 
ſand, and equally diſperſed over a great ſpace of ground, when 
the fountain is electrified; and by only laying a finger upon the 
conductor, and taking it off again, the operator may eommand 
either the fingle ſtream, or the divided ſtream at pleaſure. In 
the dark, the electrified ſtream appears quite luminous. mw 


Tur greateſt quantity of electrio light i is ſeen in vacuo. Take 


a tall receiver very dry, and in the top of it inſert with cement 
a wire not very acutely pointed. Then exhauſt the receiver, and 
preſent the knob of the wire to the conductor, and every ſpark 
will pafs through the vacuum in a broad ſtream of light, viſible 
through the whole length of the receiver, be it ever fo tall. 
This ſtreams often divides itſelf into a variety of beautiful rivulets, 


Sans which 


1 
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which are continually changing their courſe, uniting and dibida 
ing again, in a moſt pleaſing manner. If a jar be diſcharged 
through this vacuum, it gives the appearance of a very denſe 
body of fire, darting directly through the center of the vacuum, 
without ever touching the ſides; whereas, when a ſingle ſpark! 
paſſes through, it generally goes more or leſs to the fide, and a 
finger put on the outſide of the glaſs will draw it wherever a 
_ perſon pleaſes. If the veſſel be graſped by both hands, every 
fpark is felt like the pulſation of a great artery, and all the fire 
makes towards the hands. This pulfation is felt at ſome diſtance 
from the receiver; and in the dark, a 88 is ſeen betwixt the 
hands and the glaſs. - 

ALL this while the pointed wire is ſu uk to be electrified 
poſitively ; if it be electrified negatively, the appearance is re- 
markably different. Inſtead of ſtreams of fire, n othing is ek 
but one uniform luminous appearance, like a white cloud, br 
the milky way in a clear ſtar- light night. It ſeldom reaches the 
whole length of the veſſel, but is r NE like a lucid ball 
at the end of the wire. 

A vERY beautiful appearance of electric light 5 in a . 
room may alſo be produced by inſerting a ſmall phial into the 
neck of a tall receiver, ſo that the external ſurface of the glaſs 
may be expoſed to the vacuum. The phial 1 muſt be coated on 
the inſide, and while it. is charging, at every ſpark taken from 
the conductor into. the inſide, a flaſh of light is ſeen to dart, at 
the ſame time, from every part of the external ſurface of the jar, 

ſo as quite to fill the receiver. Upon making the diſcharge, the 
light 1 is ſeen to return in a much ier body, the whale com- 
ing at once. FROM 

Bur the moſt beautiful of all the Wee REN ean be ex- 
bibited by the electric * is Mr. Canton's AURORA BOREAT IS, 

of 
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which the following is but an imperfect deſcription. | Make 
a torricelſian vacuum' tr a glaſs tube, about three feet long, and 
ſeal it hermetically,” whereby it will be always ready for uſe. 
Let one end of this tube be held in che hand, and the other ap- 
plied t to the conductor, and immediately the whole tube will be 
inluminated, j from end to end; and when taken from the con- 
| ductor, wilt continue luminous without interruption for a con- 
ſiderable time, very often above a quarter of an hour! If, after 
this, it be drawn through the hand either way; the light will be 
uncommonly intenſe, and without the leaſt interruption from 
one hand to the other) even to its whele: length. After this 
operation, which diſcharges it in a great meaſure, it will ſtill 
flaſh at intervals, though it be held only at one extremity, and 
quite ſtill; but if it be graſped by the other hand, at the ſame 
time, in a different place, ſtrong flaſhes of light will hardly ever 
faib to dart from one end to the other; and this will continue 
twenty four hours, and perhaps much longer, without. freſh ex- 
citation. Small and long glaſs tubes exhauſted of air, and bent 
in many irregular crooks and angles, will, when properly elec- 
trified i in the dark, beautifully repreſent flaſhes of lightning. 
I $HALL conclude this deſcription of entertaining experiments 
with an account of the manner in which Dr. Franklin and his 
friends cloſed the year 1748. The hot weather coming on, when 
electrical experiments were not ſo agreeable, they put an end to 
them for that ſeaſon, as the Doctor ſays, ſomewhat humourouſly 
in a party of pleaſure on the banks of the Skuylkil. Firſt, ſpi- - 
rits were fired by a ſpark ſent from ſide to ſide through the river, 
without any other conductor then the water. A turkey was 
killed for their dinner by the electrical ſhock, and roaſted by the 
electrical jack, before a fire kindled by the electrified bottle, 
Aga. the healths of all the —_— eleckricians i in England, Hol- 
land, 
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SHALL, i in the laſk ont of this. ork, ſi. my dender 
1 with an account of ſuch new experiments in electricity as this 
wachten has led me to make. * 8 the peruſal of this 

may ſuggeſt many more, and more conſiderable ones to my 
renders and. then I ſhall not think that I have written in 
vein. 


To make t this, account —_ more uſeful to duch ben as may 
be wil ling to enter into philoſophical. inveſtigations, I ſhall not 
fail to report the real views with which every exp. riment was 
made, falſe and imperfect a8 they often were. 4 was ms 


+ HS 4& 2 


greatly pleaſed with the extreme ; exactneſs. and ſimp 
Grey, and Mall, therefore,” imitate. his artleſs manner, And 
though an account of e experiments drawn up on this Plan! be leſs 


calculated. to fv an. author honour as a philoſopher ; 5. will, 
probably, contribute. more to make other perſons philoſo 


which is a thing of much more conſequence to the public.. » 


— ths ni. ow e t 


Wor 7 be engaged ar. 
bs 
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tempt philoſophica ſtigations, when they ſee, chat it requires 
Ne no more 4 gacity to find new truths, than they themſelves are 
maaſters of; and when they ſce that many diſcoveries have been 
made by mere accident, which may provs as fayourable to them 
5885 | as to others. Whereas it is a great diſcouragement to young and 
a. enterpriſing geniuſes, to ſee philoſophers propoſing that firſt, 
| which they themſelves attained to laſt; firſt laying down the 
propoſitions which were the reſult of all their experiments, and 
then relating the facts, as if n ane had been done: to verify 
=. —- a true preconceived theory. * 
Tuis ſynthetic method is, eee the mak expeditious way 
of making a perſon underſtand a branch of ſcience; but the 
analytic method, in which diſcoveries were actually made, is 
moſt favourable to the progreſs of knowledge. 1 eie 
I rave; indeed, endeavoured to make the whole preceding 
hiſtory of electricity uſeful in this view, by not 'ebntentivg my- 
ſelf with informing the reader what diſcoveries have been made; 
but, Wherever it could be done, acquainting him B; they were 
made, and what the authors of them had in view when they 
made them. In general, this has not been difficult to do, the 
facts being recent, and moſt of the perſons concerned now iv 
ing. And perhaps, in no branch of ſcience has there been leſs 
owing to genius, and more to accident ; ſo that no perſon, who 
will give a little attention to the ſubject, need be without hopes 
of adding ſomething to the common ſtock of electrical diſcove- 5 
ries. Nay it would be extraordinary, if, in a great number of ex- 
periments, in which things were put into a variety "of new fitu- 
ations, no new e wen denden! to The public, ſhould 
ariſe, 21919 | : 80 
Tus ind I pe will likewiſe, 550 15 moſt pleaſure 
to thoſe perſons, who delight in tracing the real progreſs of the 


human 
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4 henticity 45 For this progreſs, we may ain i= 
: been be, a0 bs — ry] 


ani * he ind of Sr ac ec. during 
met sere er bis — Would 4 li rite fubfide. But if. 
when a man publiſhes" diſcoveries,” he, either through Wee 
or thr gh habit; omit the intermediate ſteps by which he him- 
ſelf arrived at them; it is no wonder that his fpeculations con- 
 fouh@ others, and that the generality of mankind ſtand amazed 
at h is reach of thought. If a man aſcend to the top of 4 build- 
ing by the help of a common ladder, but cut away moſt of tlie 
i ſteps after he bas done with them, leaving only every 'ninth' os 
tenths ſtep; the view of the ladder, in the condition in whien he 
has been pleaſed to exhibit it, gives us 4 ptodigious, but an un- 
juſt idea of the man who could have made uſe of it. But if he 
had intended that any 12 thould' follow him, he ould: 
58. the ladder as be conſtructed it, or perhaps as he fou 
e eee mere accident that threv 


Mawr Aa og * — of. SO momical diſeoveries in- 
forms us; and where we ſee him moſt in the 4 of an er. 
perimental Ahiloſopher, as in his optical inquiries . (though. the 

method of his-treatiſe on that ſubject is by no means purely ana- 
Iytical). we; may..cafily conceive. that many,pecſons,: of equal pa- 
tiene and induſtry. (which are n qualities of the-ungee« 
| 4 ; 
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randidly to — _=_ 
er men, is wat owiog rather to a 
| — than to any thing elſe. 
things to detract from the merit of the mir 
Sir Iſaac 3 but 1 think that the intereſts of ſcience have 
| ſuffered by the exceſſive admiration and. wonder, with which 
| ſeveral firſt rate philoſophers are pers and that an opinion 
of the greater equality of mank oint of genius, and 
n of 2 would be of bee: in the ae ; 
3 more, at leaſt, would — ha yt in conſe- 


9 — t 
ain of pati 


e. For W by no means think that philoſophi- 


ſtand, I think the progreſs might be 
dior ö nes modeſt. perſona, inſtead of confining 
iſcove in of W nn en- 


ſelves. . And,. . noching makin, e to 
introduce Mk n. eee, preſent very remote from the 
nich Ee have a r uns. faith- 
\ Tar this fidelity his 1 1 ibheg in . We ee narra- 
tive, 4 make no doubt of i its being its own voucher. Its i imper- 
ions w ficient evidence. The ſame fidelity will alſo- 
is me to relate ſeveral facts as ' appearing new to myſelf, 
" | | which 


— . 


though I was not — . it. ot 
doch er —— . mentioned only thoſe 
 whind,. it will be ſeen, I have purſue 1 han 


by — or, at leaſt 2 experiments 8 
more exactneſs; ſo that the reader may expect ſomething, really 
new under every article. And the experiments which prove the 
ſame thing will be found conbdecably. different from thoſe: c 
others, and to furniſh/additionalargaments. of the ſame general. = 
propoſitions, This en of old diſcoveries, and this variet 7 
ia the experiments by which they were made, were both occa+ 
ſioned by a ſituation which. is more or. leſs. common. to every 
electrician in England: whereby we are ignorar at of eee 
of hat has been dune by other. 
Is the following narratiye will alſo be Nn an account not 
only of experiments Which are complete, which exhibit ſome 
new fact, and from which ſomething relating to the general 
theory of electricity may be deduced ; but alſo ſome that are in- 
complete, which produeed no new appearance, and from which 
ere poſitive could be concluded, If electricians in general 
lone this, they would have ſaved one another a great deal 
| of alolefs labour, and would have had more time for mak ing ex- 
_ periments really new, and which might have terminated in con- 
ſiderable diſcoveries.” Beſides, if things be really put into new 
ſituations,” though nothing poſitive can be inferred from the ex- 
periment, at leaſt ſomething negative may; and this cannot be 
ſuid to be of no importance in ſcience; nor ſtrictly ſpeaking to 
be no new truth. A ſufficient number of theſe experiments may, 
in many caſes, lay a foundation for eee 24 2 con- 
Glufonls. Nascar Reg Wann £54 17 $398, | 38 1 7251 De ry 1 | 
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ſev ap more rue. or -opprs 
fool dere e ace. and th 


zemielves ald this day communicate to dye 
labourer a hint, which it was more probable he could immedi- 
ate y purſue to advantige than myſelf, I would not defer) is till! 
to- morrow. Nor do I think it is any great boaſt of "a" philoſo- 
phical indifference to fame to make this declaration. The "ao 
r Iſaac Newton ſeems 6 ave had no idea of the puri 


fee. "He deferred the communication of — 


h rea Wbdedty thinking it impertinent to trouble 
4 Kane with _—_ _ imperfeck. 1 make no pretenſions 
| modeſty ;/ whether it be of a true or 'aifalſe 
Ny injurious to the progreſs of know- 

| — [Like * mo conliided in one of the games of antient 
Greece, 1 ſhall immediately deliver my torch to any perſon who 

rs can carry it with more dexterity. If others doſthe ſame, it may 


come into my hands again, ſeveral nenen we reach the 
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Ir may be dd, that I ought; . 10 beat % Hong waited au 
1 bd ſcen the connection * my new experiments vith thoſe 
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are before the public, others are as wr of Rowing that con- 
nection, and of deduting a general theory from them as myſelf. 
If but thi 850 nconſiderable part, of the temple of ſcience be 
well laid out, or a ſingle ſtone proper for, and belonging to it 
be collected; though at preſent it be evet ſo much detached 
from the xeſt of the building, its connection and relative. import 
ance will appear in due time, when. the intermediate parts ſhall 
be completed. Every /a&# has a real, though unſeen. connec- 
tion with every other fact: and when all the facts belonging to 
any branch of ſcience are collected, the ſyſtem will form itſelf. 
In the mean time, our gueſſing at the ſyſtem may be ſome guide 
to us in the diſcovery of the facts; but, at preſent, let us . 
dee to the euere in . aber v ewe, * and * us m 


ee 76 Wall eee Adina view  afiedis P HG 
| Wk I have obſerved, in the ſhort courſe. of my electrical expe- 
riments, if 1 relate them pretty nearly in the order in which 
they occurred, only taking care. not to intermix chings of a very 
different nature. The earlieſt date in my experiments is the 
beginning of the year 1766; when, in conſequemee of forming 
an acquaintance with ſome gentlemen who have diſtinguiſhed 
; themſelves for their diſcoveries in electricity, and of undertaking 
to write the preceding hiſtory,” my attention was firſt turned 
i towards making ſome original exp iments in this part of Na- 
tural Philoſoj Yo hich had ſerve for "oy: occaſional amuſement 
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ExypnIMEnTS ox EXCITATION, PARTICULARLY oF r TUBES 
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DD dy; my own -orpreimnith, oY thoſe. of old, 
that a glaſs tube, out of which the air was exhauſted, 
. no ſign of electricity outwards, but that all its ef- 
fects were oblerved on the inſide; I imagined that, if the air 
was condenſed i in the tube, it would operate more ſtrongly on 
the outſide; ſo that an additional atmoſphere. would give it a 
double virtue. But the reſult was the. very. Ne of my ex- 
E 5 
SOMETIME in the oath of January, wink the weather 
was dry and froſty, I took a glaſs tube, ſuch. as is generally uſed. 
far. electrifying, about two feet and a half in length, and an 
inch in diameter. It was cloſed at one end, and by means of a 
braſs cap at the other, I fitted a condenſing engine. to it ; and 
when the tube was very dry, and in excellent order for making 
experiments, I began to throw in more air. At every ſtroke of 
the piſton I endeavoured to excite the tube, but found its vir- 
tue diminiſhed. Tt was obliged to be brought nearer than be- 
CY fore 
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fore to attract light bodies, and gave leſs light when rubbed in 
the dark; till, as near as I could judge, I had got one addi 
tional atmoſphere into the tube; when its power was ſcarce. 

diſcernible. Letting out the air by degrees, I obſerved it gra- 
dually recovered its power. It attracted light bodies at a greater 
diſtance ;. it gave Jouder ſnappings and more light in the dark ; 
and when the additional air was wholly let out, its power 

was immediately as great as it had been before any air was 

thrown in. This 1 tried ſeveral | times with the ſame ſuc- . 

. 1 

COMMUNICATING theſe experiments to Dr. Franklin and Dr. — 

Watſon, they ſuggeſted to me, that the non-excitation of the I 

tube above-mentioned might be owing to moiſture introduced 
along with the air, and adhering to the inſide of the tube. This 
conjecture was rendered more probable by another experiment I 
had. made in the mean time. 

ReepeATING my attempts to excite the tube above-mentioned, 

I found that, after very hard rubbing, it began to act a little; 
and that its. virtue encreaſed with the labour. Thinking it 
might be the warmth which produced this effect, I held the 
tube to the fire, and found, that when it was pretty hot, . 
would act almoſt as well as when i it contained no more than its 
uſual quantity of air. I conjectured that the warmth. might ex- 

pel the moiſture from the ſides of the glaſs, or make the encloſed. 
air capable of holding a greater quantity « of water in a a ſtate of 9 5 
perfect ſolution. po a 10 905 

WII IMO to Gies wids whether the additional quantity of air 10 
wich the moiſture it occaſioned, ated in all reſpects like a non- „ = 
electric coating, 1 tried che experiment with condenſed air, BF 
that Dr. Deſaguliers did with ſand. After condenſing | the air, | 
and Ending the excitation of i it impoffible, 25 viuale, I let the air 
ere * Taddenly: 
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N . ſee whether the! tube would ah ſhow-aoy-efs 
fest oß the preceding friction ; but it had not acquired the ſnalls 

3 eſt degree of electricity though the firſt ſtroke of the .rubber; 
. immediately afterwards, made it give ſparks to the finger at the 


diſtance of two and three inches. Perhaps the degree of moiſture 
it bad contracted ns very flight, POLAR by Bios act uf ex- 
| : nana 1 10 8 2 n ik > SIA 9117 P 577} | Natur Beg 
| 


rox being'deſired to repeat this experiment with a purtieu- 
. lar view to the moifture; I obſerved that not the leaſt cloudineſs 
| 8 could be perceived to adhere to the glaſs, at the time that i it was 
1 abſolutely incapable of exci ation. en or rt o 
| was made. warm, and the othet left. cold; the ge Airs! of the 
rubber would excite the warm part, without in the leaſt affecting 
the reſt. But ſtill the cold part of the tube r- not in the 
leaſt more cloudy than that which was warm ; and the moment 


the air was let out, me 1 merry of the rubber made the whole 
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WILLI to aſcertain whether ths Condenſing: of air neceſſari- 
i ly. introduced more moiſture in a glaſs veſſel than the air could 
| hold in perfect ſolution, 1 conſtructed ; a glaſs condenſer i in { ſuch 

"2 manner, that I could charge and diſcharge ſmall 'phials i in the 
inſide of it; concluding, that if the. additional air brought more 
additional moiſture, it would be i im poſſible to charge a a phial at 
all in thoſe circumſtances; ; whereas, if the. air ,was free from 

| moiſture, it would make the phial hold a greater charge, double 
in two atmoſpheres, treble in three, &. Accordingly, [ charg- 
ed 4 tube about three quarters of an inch in diameter, - and 
coated about eight inches, in the glaG veſſel, containing about 
two atmoſpheres 4. andi it received a. much greater charge than it 

ä could be made to take i in. the open air, and as near as could be 

| Judged, by the * and flaſh, twice as great. At laſt the 
tube 
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at: fed 65 dec ad 
diſcharged three or four times, in \thoeofdenſeil air! It is net: 
alloprobable, that it could} have been broke by any charge. it 
could have held in the rer air. This experiment ſeemed! to 
determine, that there was no very igteat degree of -mojſture i 3 
troduced into the glaſs veſſel by the condenſatioir of air: 
ANR ARDS found that experiments on conden ſed air had 
been made by Mr. Du Faye my cons tp but not wir all the 
met acer bene-6k wo d. NOW ei bolligs zd jam i 2 37 
boxt of my electrical friends ue of opinion, that the reaſon 
why a tube with condenſed air in it cannot be excited is, that 
the denſe air within prevents the electric fluid from being forced 
out of the inſide of the tube, without which none can be forced 
intolthe outfide; and that heating the tube makes tlie air witli- 
im leſs ele kf ITahH and the tube alſo ; in conſequence: of which, 
it note caffly parts wittythe auid on ene fide; and admits it on 
the other! But upon e e wok m Eine 2 wan ſtick of Fans 


55 


be excited? oT bob io vii rr 641 H 815 
tio flit ai gnol goed bad IE: 365 fi did 3 $113 of 9367 butt 
+ (JMAGQINING that a greater quantity fi elefric aus wand be: 
produced from the friction of targen globes, than thoſe of the uſu- 
al 


ie, I provided myſelf on the 24th.of April 1766, with a globe 
ſeventeen inches and a half in diameter. It had only one neck, 
andiyas made exceeding wells only being rather too large for 
the mouthcof the furnace, a ſmall coal had ſtuck to its equatori- 
ab diameter, which, when it was ſtruck off, made a ſmall hole 
in it. This, in ſome meaſure, disfigured the globe, but I never 
imagined it, could prevent its excitation in any great degree; 
ſo that fill. indulged hopes of acquiring, by its means} à pro- 
digious power of electricity. But what was my ſurprize when, 
after 1 had got it miountes in the beſt manner poſſible, and after 
1 * * 4 | | * 
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thing, fr ore together, ertry method bf frnis;\ ih the 
moſt favourable circumſtanoes for excitation, I could Ars 
the appearance ol fre fon it; the fparks' from the | emu con- 
auctor being ar. Ee) 1 CN eee eee 
- AeeyhriiinG Dr. Franklin with my diff pol t, he ad- 
viſed me to get the firſt cot of the globe Gen af with emery; 
as it had often been obſerved, that many globes would not 
work well, till after a conſiderable time, hen the glaſi-houſe 
coat, ab it 1 This opetation I accord - 
rfortwed upon it, and increditily-leborious: it proved ; 
greatly inereaſed my difappoi tment, when I found that 
it bed all en Unbour" n oy the globe had no mende 
Wikies aft anything of this globe," 1114 it aide, 
and, on dhe 224 of May,” got another, about fourteen inches in 
diameter. © In blowing this globe, every circumſtance that I 
could imagine had, in the leaſt, contributed to my ill ſuc- 
ceſs with the former, was carefully avoided. The former was 
made late in the week, when the metal had been long in fuſion; 
becauſe I had been told, that globes made in that ſtato of the 
metal were always the beſt for electrical purpoſes. This was 
blow early in the week,” when the workmen fay the metal is 
moſt ' tranſparent, and freeſt from all kinde of dee 
The foonice was war ed; in the courſe of making it, in a place 
in which wood and eoals were frequently thrown, to keep up 
the heat. This was kept free from the fumes of any fewel what · 
ever.” Nothing could be finer than the metal of this globe, 
nothing more perfect in its form. bi was alla very well mount 
ed, aud I did not doubt of 'fuceeſs, But, after all, this globe, 
if paible. gave leſs fire than the former. Tha recourle to 
ry method of excitation har T had ever heard of, or could 
„ myſelf 
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myſelf i imagine. but all in vain. This thing looked like ane 
chantment. $534 ln 

mtu, Lwas thinking over every thing that I could; imagine 
— neee globe, mhich- 1 hed got. made. gt ' 
friend, in che ſame ſtate of the metal with my laſt, and 1 an 
inch and balf leſs in diameter, acted exceeding well; and that 
there was no other apparent difference between them, bur, that | 
his had two necks, and; an axis quite through it; whereas ming 
had only one neck, and no axis at all. Willing to try every 
thing, I reſolved to get the braſs cap of my globe perforated, and 
a ſmall wire introduced, to ſerve inſtead of an axis. This Was 
done; but, in making the perforation, it happened, unfortu- 
Bately, as I then thought, but the moſt fortunately in tho world 
26 it proved, that a lump of hard cement, about the bigneſs of 
a ſmall wallnut was puſhed into the inſide of the globe. Vexa- 
tious as this circumſtance, was, I was impatient. to try my, new 
experiment, and immediately; began to whirl the globe, with 
this ſuccedanium of an axis, though the cement n aa while 
rattling, and fouling the inſide. | EY TRY 

I Hap not whirled the do ing in theſe ging unſtances, 
Hefore I plainly perceived that its power. increaſed. — 
time, it was pretty conſiderable, and I did not doubt but it was 
wing to the axis; nay I had formed a. pretty plauſible theory, 
to account for an axis being neceſſary to a globe of ſuch a fize. 
Willing, however, to verify the fact, and aſcertain my new hy- 
petheſis, 1 took out the wire; but, to my ſurpriſe, found the 
virtue of the globe not at all diminiſhed. On, the contrary, it 
gentinued ingreafing, and by the time that the cement was well 
chroken, and diſperſed, ſo as to have given a, kind of — to / 
theglabe,;gts power MAb rer alin Rronge and it acteq as well 
Holy 4D2 


as 
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been; in bene meaſure taken off by the em. 
operation. Theſe being circular, nn brimſt 
dee ble ef nter The hemiſphere op po 
þ Galghurupon ir as'ths oth 


1H AFTERWARDS put as much! more turbo into it, ab 
doubled the PREY —— 0 


8 meme or red 


it vy bed, here I could pere — Aefect of opelichi 5 
— the Gebe "_ _—_ ; I found the virtue almoſt quite 
gone, and even the amalgam could not revive it. Endeavouring 

_ to/take the ſulphur out of the globe, 1 broke a great hole into it; 

and alſo the nei / globe was broken the ſame day, by a lump of 

hard cement, in the infide, falling from the top to the | bottom. | 

Theſe accidents rendeted my experiments incomplete. 

"Frutn' propofed to get another large globe, with one neck, 


and a large hole i in the oppoſite! 1 00 ; ** means of which I could 
eaſily 


in rar. to find the ah *. the denne eee ff 
But apptehending this courſe of experiments might prove a little 
too expenſive, and aftet n terminate in nothin p e r, 
deſiſted. i ag hh 6 em DEITY 014, ien! 1 ALT, 

Inas afterwards; homevary/an-op ortunity of trying a 55 
ö experiments upon a glaſs ſpheroid, about |twelye inches in dia- 
meter, in en which 1 Bec got a yp red hols made, [ 


which. * it-y was . 3 leave om, or r cloſed, at 
pleaſure, The, other end was. furniſhed, with a braſs cap and pul- 
ley, to adapt it to the machine. The experiments I made with - 
iti could not aſcertain what I wanted to diſcover, namely the rea- 
ſon of the non- excitation of the large, globes in the circumſtances 
aboye - mentioned; becauſe. this ſpheroid was excited without | ; 
any eletrie lining. But, however, it is poſſible, that the reader 
may think them, on other accounts, worth communicating. 
Irinsr put my handkerchief, and various other 9 
trie ſubſtances, into the inſide; and obſerved, that while they 
kept in one piece, and did not diſperſe to different ſides of 

the globe at the ſame time; the excitation was very little im- 
| Peded but when my handkerchief, &0; opened, and ſpread over 
the ſurface of neee the: trüb was win der. 
ped. eee n i ne 3 td 11 Aa et 4 
I eur a quantity of quickfilver ir into it; 4 Poe. while the moti- : 
on of the ſpheroid was moderate, and allowed the quickſilver to 
remain at the bottom, or to aſcend but a little height on one 
ſide, the excitation Was much impeded ; and ſtill more if it 
ſpread further, over a conſiderable part of the inſide ſurface, | | 
though without partaking of its motion, But when the motion j 
i fs, eig Was rapid, * ene, communicated to the 
M e 
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ther, the virtue aw 
was inconſiderable. 


neither had any number of quills, or a great quantity of dow- 


ry amalgam had been worked. With this globe I could 
| my common jar diſcharge itſelf over more than five inches 6f 


| Fi AIR ++ Paxvivan | 
quickſilver, ſo that they and no motion with r 


60 nee bot ail the excitation 


PounveD glaſs; und other clicrer had no fenfible — 


ny feathers; though they inſtantly diſperſed TROY 1 
covered all the equatorial parts of the ſpheroid. 

en ALT. add to this feftio von the ſubjett of eto, unt 
Foncenhitiede very im globe, 'about' fix or ſeven inches in 


diameter, which was made to weigh air, and 'not'one fourth 
part ſo thick as a common Florence flaſk, It was excited very 


powerfully by a piece of leather which had been ſoaked in a 
mixture of tallow and bees wax, and into which a Wr of 


the external ſurface, which I reckon to be a conſiderable proof 
It; its power. It ſeems to follow from this experiment, that the 
thinneſs of glaſs globes, or tubes, is s by no means oy obſtruc- 
tion to their electric power. 


| 3 © In the courſe of theſe experiments I had read Me. 3 


Zccount of his-curing a globe by a lining of melted ſulphur, and 


hd propoſed to try that in the laſt place, on account of the 


iſagrecable operation z but found it duperleded in n the manner 
eferibed above. - | | 
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J” URING a courſe of dedtrical experimeitty, "oY to divert 
ſome of my friends, one of the company happened to pre- 
ſent a pointed wire to my hand, as 1 was ſtanding upon the 
ol; when T was ſurpriſed to perceive a cool blaſt proceeding 
from it; though, according to Dr. Franklin's J theory, the cur- 
rent of the fluid went from my band to the point. 1 then pre- 
ſented m y noftrils | to the point, and perceived the ſame ſtrong 
phoſ tk Tmelf, as if the point had been electrifted] olitively. 
Theſe facts made me entertain ſome doubts about the d og potion af 
the eutrent, and the" Priöciples ef Dr. Frahklin's ey or phy 


Yo. 


led me to the following courſe of experiments; which f prove og 
thing againſt that theory, but eſtabliſh a real curtent of air from 
the points of all electrified bodies. 

To aſcertain the courſe of the electric fluid, I lng with 


diſcharging large ſhocks through a quantity of water, in which 
duſt was 4 floating and I electriſied a wires, Aae into 


7 
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0 . "_e receivers full of ſmoke; &c. bot theſe dete mining nothing, | 
I, at laft, recolle&ed, that, of all things, flame is the leaſt ſen- 
ably affected with electrical attraction or repulſion, but moſt 
cafily with the leaſt breath of air; and did not then doubt, but 
that the current of air would be in the erden of the fluid, 
being, as it were, impelled „ ee 
Wir theſe * on the 2 zth. of February, I preheated the 
flame | of a candle © to a” pointed wi wire, electriffed negatively,/as 
well as poſitively. The 12 was ſo ſtrong (in both caſes Alike) 
- as to lay bare the greateſt part of the wick, the flame being 
driven from the point; and ſometimes a pretty large candle 
would be actually blown out by the blaſt. But, in all caſes, the 
effect was the ſame de: en the electric _ iſſued out of che 


point, or entered i 7 595 EE OMIA oY 

PAce the flame 8 e one ne af which, 4 Ne 
Municated with the prime conductor electrified poſitiyely. and. 
the other with the floor, the flame was blown from that Which 

dommu cated. with the conductor upon the other, but ;. %. 
o gtest a diſtance as if che other had been away. Changing the. 
Points, che effect was Kill the ſame, whether that, which com- 
tnunicated with the conductor was the more ſharp, -or 1 the. more 
+ blunt of the two, the flame always cer en from. it. .. 

Ty Leg this rann and 1 one of the 7 


; 
F 
F 
5 
1 
: 
[ 
1 
: 
N 
1 
iS - 
5 
1 
> . 
7 
3 
1 
© 
18 
BY 
—_— 
>? 
© 
8 + 
* 
"i 
* 
5 
1 
1 
1 
1 
_ 
_ 
= | 
1 7 
. 
24 
© XJ 
113 
1 
* 
"4 
4 
— . 
+ = 
4. 
- 
cr 
4 
. 
j 
N 


4 
e* 
11 
4 
by 
by 

* 

5 


e 


e 


—— 


mn n 
——— —„— .. ———— —— re rag 937 2 — re 


E br 9 near ha —— raiſe it almoſt pupendicular, — 4 


% bad been blown quite: aſide by the other, „ e e Bob 
bf - PLACING: the flame "between two points, one of which com- 


— — with the rubber, and the other with the conductor, 
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it was equally affected by 1 veing ne blown from. the 
| Þ int which was neareſt to it. 

I x was very obſervable, p ieee g . . t of 
air from the points affected the flame ſo remarkably; yet a ſmall 


5 portion of Mts: when it Was brought very near the point, would 


be ſtrongly attracted by it, at the ſame. time that the greateſt 
part of the flame was, by the current of air, blown the contrary 
way. This effect was always the fame, whether the point was 
electrified poſitively or negatively; though, J fancied that the 
þ naive point attracted the flame more ſenſibly than the other. 
To make the points blow more ſtrongly, in a direct line, I 
| ſometimes incloſed them-in ſmall. tubes of glaſs. . 
AFTERWARDS. I diverſified this experiment in the following 
| manner. on charged the inſide of a ſmall j jar poſitively ; then 
ſetting i! it upon a glaſs { ſtand, in contact with a pointed wire, I placed 
| the flame of a candle within an inch of the point, and touched 
the wire of the j jar, with a braſs rod which I held in my hand. 
At every touch the flame was blown ſtrongly from the point. 
Sometimes it would be blown out ; but another point, being held 
oppoſite | to it, would ſupport the flame ; ; and more ſtrongly, if 
that point was Joined with the rod with which I touched the 
wire of the Jar. Charging the jar negatively i in the inſide, all 
the effects were the very ſame. Diſcharging the jar through che 
points, with the flame in a right line between them, it was diſ- 
turbed, but not blown to one fide more than the other. 
To take off all the effect of electrical attraction and repulſion, | 
ah leave the current of air to act fingly, I interpoſed. pieces of 
braſs wire communicating with the earth, between the points of 
| the wire and the flame; and found the blaſt to be rather We 
than diminiſhed thereby. gs 11 
_ Having communicated ibels experiments to Dr. rann he 
L * L 877 48 * OY Ad dy nh © adviſed, 
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| prog by which I ſuſpended the whole ona magnet. 


electric fluid was entering it. Tf they were made to turn the. 
contrary way, the current ſoon ſtopped them, and never failed 


A CURRENT: or AIR Faux VIIE- 


t force of this current upon paper vunes, fach 
as he has deſcribed/i in his letters: for; with him, they. ſeemed 


urn one way or the other indifferently, juſt as they happened 


to ſet out. Accordingly I took a cork; and ſtuck into the ſides 


of it thirteen vanes, each being half a card, well dried, and each 
oceeding from the center of the cork. Into the cork 1 Keck a 


Turse vanes I held two or three inches from — of 
wire, communicating with the outſide coating of the jar, placed 
upon an electric ſtand, in the manner deſcribed above; and ob- 
ferved, that whenever I took a ſpark from' the wire communi- 
cating with the inſide, the vanes were ſtrongly lown upon, and 
made to turn, as if the current of air had flowed from the point; 
at che ſame time that, according to Dr. Franklin's theory, the 


to bring them back, and make them move as before. 
- Wren wires communicating with the floor were placed be- 


5 tween the vanes and the point, to take of all the electrical at- 


traction and repulſion, the vanes ſtill moved as briſkly as ever. 


Wann the j Jar was charged. pretty bigh, the motion might be 
_ ſo ſwift, that the ſeparate vanes. Fould N be diſtin- 
guiſhed, as the whole ſet turned round. 

I MoREoOvER obſerved, that the vanes were 9 very briſk- 
ly, not only when held near the point, but alſo when held any 


vrhere within the diſtance of fix or ſeven inches from the fides 
of the wire, which I made ſometimes of a conſiderable length. 
The ſtream would turn the vanes one way on one ſide of the 


wire, and the contrary way on the other; and being removed 
quickly to the different fides, the direction of their courſe might 
be changed ſeveral times, in the e of one ſmall jar. 


I MADE 
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* abr yen: 0 Project wo ways at the ſame t 
erved, tha s the ſame from both, and alſo 2 
te mac pee at right angles from one m 
ofit on of the wires, it was amufing to obſerve, that the 
vanes War move one way, when held near one of the wires; 
and immediately turn sen and move 1 egen b . re- 

moved near the other. 0 

Hrn RO Wa te my vanes of Nine a peo A. ; 
er tomake them leſs affected by electrical attraction and re- 


ord 
5 pulfion, that ſd the current of air might be the more indiſputable; 
but Mr. Canton deſiring me to try vanes that were condu@ors, 
Fat aipped my paper vanes in water, and afterwards made a 
ſet of tintel, of the fame form with the other. Theſe” vanes; 
being conductors of electricity, promoted a freer current of the , 
electric matter, and conſequently, occafioning a greater motion 
to be given to the, air, they whirled about with more rapidity 
than the former. When they were ird. ä 
juſt a as the dry paper vanes had been. n e n 
WiIrn theſe vanes, *. diverſified the experiment in a manner 
which ſhowed the fameneſs of the current, notwithſtanding e 
change of electricity, in a clearer manner than before. I inſu- 
lated a jar, with a wire projecting from the coating, and held 
dhe tinſel vanes near the extremity of it. All the time the jar 
was charging, the vanes turned with great rapidity, as if by a 
blaſt from the point. Keeping the; jar, the pointed wire, and the 
vanes in the ſame fituation, the gradual diſcharge of the jar, 
made by now and then touching the wire which communicated 
with the infide, made the vanes till turn the fame wn, Wer 
far as could be perceived, with the ſame force. 3 
Tol diverfify this experiment, I placed a charged jar upon a 
ſeol Which had glaſs feet, a pointed wire projeting' from the 
ct . | COMING 


wing with the ground on che other ſide of: the, 
every attempt — ae threw a 


OWN. ito/ A W diſtance. f 


| fone CG: eee blo 
Remoying — — wire e c of git and con- 


9 the rang duſt: md urbed, and r IPs. 
 but:not-blown.one n _— the other. Fine flour — 
nearly: as well. * 7-37-20 wee rows) 1 4 
» LasTLY, I d the — of the curr ot with vanes in 
the form of a ſmoke jack, which anſwered : as well as the others. | 
They were moved when held more than a foot above the point, 

and.likewiſe at a conſiderable diſtance. below it. wher en it was 
1 turned downwards. 3 

Aræxx theſe experiments, 1 F in Mr. Willon' s treatiſe on 
defricity, that the vanes would not turn in yacuo. This I tri 
ed, and found it to be true, and at the ſame time I found, they 
would not turn in a cloſe receiver, not exhauſted, where the air 
wosconfined.” and had not a free circulation. 

Tux current of air from the points of * diecriged plus 
or minus, is not more difficult to be accounted. for on Dr. Frank- 
in's hypotheſis of poſitive, and negative electricity, than any 
other caſe of electrical repulſion. The particles of the atmoſ- 

Phere, near the points of electriſied bodies, having, by their 
ans, become poſſeſſed of more or leſs than their natural ſhare 

c of the electric fluid, muſt, according to the rule above - men- 
tioned, retire to places where they can diſcharge. or | repleniſh 
themſelves, as occaſion may require. If it be aſked why the 


Pp _y wi mme in the ſame manner, recede 
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from all the parts of the electrified 


are moſt powerful at the points of bodies, on account of the 
eaſier entrance or exit of the fluid at the points (u | 
ever principle that effect depends) the eleQrified atmoſphere 
(whether negative or' poſitive makes no difference) muſt fly off 
at the reine preferably to any other places, and the weit 


the flatter parts of the electrified conductor, notwithſtanding the 
real endeavour it may have to recede from it. 
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as well as from the 
its; it is anſwoered, that, as the preſſure of the atmoſphere 
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will prevent a vacuum, and as electrical attraction and repulſion 
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7 HAVE related ſeveral inſtances of ſelf-deception in other 
| I perſons : to ſhow that I do not mean to ſpare myſelf, I ſhall 
now relate one of my own. However it is a miſtake that I ſhould 
not have troubled the reader with, INE it not menen in a real 

diſcovery. 
 HavinG read, and finding 7 my own A berment, that a 
candle would not burn in air that had paſſed through a charcoal 
fire, or through the lungs of animals, or in any of that air which 
the chymiſts call mephitic; I was conſidering what kind of 
change it underwent, by paſſing through the fire, or through 
the lungs, &c. and whether it was not poſſible to reſtore it to 
its original ſtate, by ſome operation or mixture. For this pur- 
poſe, I gave a great degree of inteſtine motion to it; I threw a 
quantity of electric matter from the point of a conductor into it, 
and performed various other os pon 151 but without any 
effect. 
AMoNG other rundom pres T dipped a charge phial 
19 «ahh e 9 into 
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thoug I Could not perceive that it pie oed any 
ec — I was: ſur priſed to find, upon taking out the 
phial, that it was wholly diſcharged. I imagined, however, at 
that time, chat the diſcharge was owing to ſome iinperfection in 
the manner of RY * en ee W_ RR not al 
* 192075088 in 194638 r 
- AFTERWARDS; doneſdi 
own, and others of Dr. Macbride that this mephitic air was not 


any thing that had ever been common air, but a fluid ſui generis, 


that had ſeveril properties very different from thoſe of common 
air; I thought of reſuming my experiments, to aſcertain whe- 
ther it was not different from common air with reſpect to elec- 
tricity ; mephitic air n 76 0 
Was a non- conductor. 2 Yo 

i ACCORDINGLY ». fone time be monch of 3 4060. 
filled a receiver, which. was open at t 
about three pints, wich air from my l 
precaution. I could think of, dipped a ſmall charged phial into it; 
and, upon taking it out after continuing there about two ſeconds, 
found it quite diſcharged, juſt as might have been expected from 
dipping it into water, I repeated the experiment ſeveral times, 


and d ways with the ſame ſucceſs. Leſt I ſhould have diſcharged 
ing the neck of the re- 
eeiver; I changed the air, and then introduced the charged 


the JA ſome way or Other, in bal * 


wen as bee. 
leaſt diſcharged. 


ſeveral times; but never found it in the 
Hence I concluded, chat, in the former caſe, it 


muſt dave been ge by the quality. of the air in the te- 


oeive. 
As . gill vt _ ſalpicion, x, Fl ohial Cor 


* been diſcharged by the moiſture which was mixed with the 


N expired from my lungs en I did not doubt but that 
what 


ng, bücken wan ee a 


ps a conductor, as common air 


ne top, and which hag 


lungs; and, with every . 


aargec — woe I had dane 
Aually diſcharged as in the former 

aſe. I repeat. df dee eriment alſo a great number of times, 
. ive - Upon changing the air alſo 
and then introdueing the pied, I found it not diſcharged. [There 
' | ſeemed, therefore, to be no d. * in which flam' 
4 Wann not lab was « condutto of e ect 


nee ne een 2 fi ding 

lutely impoſſible to charge it in the. ſmalleſt — n 
tion; though it was charged very well, the moment I took. it 
aut of that air, without. any wiping z which ſeemed: to:: ſhow, 


* 
* * 
* 23 * 11 Ki T4 "a" Bran 


; 1 was allo confirmed in in wy opinion. — the. ee power 
0 c air, by conſidering, that all metallic bodies, which 
& conductors we know. conſiſt of a vitrifiable 


4 


b and what the chymiſts call phlegyfan,. or probably as I 
then eh voching more than this ſame mephitic air in a fix- 
Fig : 8 this confidence of hs. . a com 3 FF di and 
one of ſome importance, after having repeated the above-men- 
tioned experiments, and many others to the ſame purpoſe, a 
125 number of times; I nos ge to change. the as 
for 


into the mephitic air, and the other kept out of 
will always retain the charge longer than the former, which | 


” —— which had haves my uſual 1 method; though I has FO 
it wir no other ier than more 


* — — 
ing the evoviver- orpat-vins ae down; 1 Had ne beer 
dipped the charged phial into it, than I found it diſcharged, id 


- fide., To aſcertain this, I moiſtened the infide® of the reer 
wich a ſpunge, and found chat no phial e 


ald remain charged in 


eee ee, time. 2 owed, "that e 1 


| £<Y F OY to — 1 had 8 thels 55 
ments, recollected them when he was this laſt ſummer at Pyr- 


| mont. where a large body of mephitic air always lies upon the 


xedicinal ſpring (for this air is evidently ſpec 


I heavier than comtnon air, and dovs not eafily tic with it) but 


not having a proper apparatus, and the company there making 
- experiments inconvenient, he did nothing that was decifive ; 


though, from the little that he Had an opportunity of doing, he 


imagined it was not a conductor: and I have ſince found that 
mn nen was J0ne” A 1 FR: wg be dipped into 


als, However? be 
equally charged at the ſame time, and one of them be plunged 


without being 1 Ik two equal pt 


Fit; the lattel 


will ſometimes retain it but a very ſniort time; owing, a8 1 


fuppoſe, to the moiſture, which i is readily abſorbed" by the mephi- 


tic air. This circumſtance” accounts for the atiquity of my 
eimer ee 1 at found Ren ar to be the 


5 Y 


| the ſame munner as it had been done-in the-mephitic” airi The 
_ diſcharge had, after all, been made by the moiſture on thb in! 
wer 


* e 
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rae 
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1anti and — 1 e charce : 
ſubſtance. , Accordingly, on May the 4th. N 
the chars), ry wen of ag and ates and fou 
—__ WG: a piece * ee the prime.conduAor, # Mink 
ther with my finger, or a piece of braſs /wire, I conſtantly. ob. 
rved,;; that; the electric ſpark ſtruck the charcoal before either 
af. che other conductors, if it happened to be advanced ever ſo 
ee 9 ifY Having a very r SY ſurface, dhe charcoal 
did nat take a denſe ſpark from the conductor, till it was made 


A ſmooth, and brought within about half an inch; when, 
o all appesrance, it did quite as well as any piece of metal, there 
being a conſtant ſtream of denſe, and white electric fire ere 
the conduct oY and it. I tried the charcoal i in eve - 

| ox Fold, and found no alteration of its conduRtiog power. 
, ARLACED a great number of pieces of gh not le& th "Us | 
 tyeglye gf. twenty, of Kuro in s circuit, and diſcharged a 
ca won zer through them; when, to. a, #ppearapce,. the dif. 
charge as as perfect, as if 19 mang Pieces, of metal had been 
placed in the fame. manner.  T'wo.of the pieces, about the mig}; 
ts, , I placed about an inch. ang a helf from one g- 
nogh fl at 417 85 agen W 2 1275 * park Raf hs interval 


e 
n 119 A E 10 As *H mide te 0 T1 iſcheſse 
at the c wige with one ſpark, biy a e report was not 1 oud as 


when 


| eee 001 1a pete er mel IE as b. 
fervable, that x black wm ſinoke roſs from'betweerr'e * 


the charcdal ! ay b afaehi 1 15 eta, NN duni Y 
70 matte the'e: xperi wire the — rene 4 
which had 1 often uſd *or pepe ce WOO ding 
— 1-conduC ah 3 it — ſo 


have expected it would have nee t non- cor 
but, upon trial, its electrie e was + quit gone, and it 0e 
become a very good conductor 2 I on 
Tut experiments Ae en bed firſt malls nh wood 
thorad, of eh Þ, found pieces of very different degrees of 
conducting power but the moſt perfect conductors I hare found 
of this kind are. fome pieces of pir charcoal. Theſe ſcem to be? ! 
mal reſpects, as perfect conductors as metals. They receive 4 
ſtrong bright ſpatk from the prime conductor, though ſeldom, a at. 
above.an inch di tange, | account of the roughneſs on thel 
ſurface, which cannot je taken off; and in r ef 
through them, or with them, no perſon can imagine any di 
tetence between them and metal, either ĩ in the colour of th 
electric ſpark, or the ſound made by the © xploſion. When 
ale broken, they exhibit an appearance which very mich l 
bles that of broken ſteel. There is Bowever 4 Stel variety. in 
the electrical properties of different Pieces of this ind of ch. 


cal; and for want of proper op pportunity 1 have not. yeh wy - i 5 
aun afcettaining) . en e #7 the cir "Mg 
{k 9 (16 | 


ih the if, 135 80015 1916 — 5 1159 
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50 x for; the cauſe of them. RSA 1 Mic | N 
—— oindors from an open fire, ob the kind 1 — 1 


- which we generally burn, I find to be vf tte inferior 0 
charcoal which is ſuffered: to wre . pro as 


ſoon us it is well burnt, and before any res a 
TINO Man 


ommon fito, being & very commedious 
ents, I did not fail to tab ag many upon them 

4 by be OW. uſe ; endet tate had ns 
aſficient 8 7 of 1 be N 240% 


diane may 4 late veſſel, en aan pil 0 me; 
tegated in the very. fame manner various: pieces of oak, 
ders plank. but wheo E-gxamgined them, I 21 | 25 dif> , 
ery 1 conſt arable; if e, L1thought- the. cinder, of 1-1 
eee dalb kengel, and, whish it remarkable for te 
mn, be 6h pubs as den A 


FRETS 


vhic 1 weht — — — are bu b 
and monk hich: the charcoal itſelf -is:not-quite-diveſted;- was, to all 
ance, as good a * that nnn _ which: 
is more eſteemed. e wear in ef cu. ct at Anna 
I chis curſe ef experiments —— B. 
for a ſufficiently accurate method of aſcertaining the difference 
of conducting fubſtances, and I with that eleQricians would en- 
deavour to find ſuch a meaſure. One of me beſt chat I am ac 
qudinteck with, and which applied among others on this oo 
cafton, is by the refiduum of diſchatges, meaſured by Mr. Lanes 
electrometer. It is well known, that the worſe the conductor 
are that form the circuit, the greater reſiduum will be left in _— 
after a di iſcharge; and Mr. Lane's electrometer, which mea- 
ſures an exploſion, will likewiſe meaſure the reſiduum. E 
apply this method with accuracy, E put pieces of charcoal, &c. 
of the fame length into the circuit, I uſed the very ſame chain 
in every experiment, and the ſame diſpoſition of every part of 
the apparatus; Ialfo made the exploſions exactly equal, and af 
mY eve | diſcharge compleated the circuit, by. the chain before 
tobk the refiduurn ; and laſtly, I was careful to take up the ſams 
titne' in. each operation, which I repeated very often. This 
method of meaſuring! the cosduning e 01 ſoltances Tearn-! 
ed of Mr. Lane. "1909: nis 
Lu the proſecutian of theſs experiments ee 1 burtied:? 
a piece which T had. found to be u molt excellent conductor, firſh!! 
between two crucibles, and then in th& open fire, and tried it at 
different times till it was almoſt burned a way 3 ; but contrary, to 


| wy expectations, J found its propetty very little diminiſhed. L. 
ws, IKewile; förprised ie kuh thit foot whether of wood” ob, 


* or 


„„ eee rs. raf Vn. 


Mr eee bos 
a for een Scbdds zi — yet found the charge not much 
diminiſhed. A piece of wood ſoot, which be-. Erna 
—— which does not ſoil the fingers, and which 
to break in a poliſn in ſeveral places, would hardly cor 
part of a charge in the leaſt ſenſible degree. When 2d 
a gainſt my hand, or my waiſtedat in fraſty. weather, — it 
was difficult to find any part of it that was large and 1 
enough for the purpoſe) I more than once thought i it attracted 
e thread of trial, The ſnuff of a candle would not conduct a 
ſhocks: though; it Was placed in the middle of the circuit, and it 
was eaſily ſet. on firs by the exploſion. of a ſma 1. Roa 4 pail: 
Bur. n eee my want of ſucceſs, l I make no Joubt, 
but that any perſon. of. tolerable ſagacity, who "has, an opportu- 
| nity of making experiments in a laborat 8 ry, here he, could 
Z CU <C to. a. coal all, 6 ands of. ſubſtances, an. Very LE 11 ty of 
method, might very ſoon aſcertain what it is that makes char- 
coal a conductor of electricity. In all the methods i in Which! I 
could make charcoal, the fume of the bodies was ſuffered to 
eſcape; but let trials be made of ſubſtances, reduced to a coal 
without any communication with the open air, or where the va- 
pours emitted from them ſhall meet with different degrees of 
reſiſtance to their eſcape, aſcertained by actual preſſure. 
CHARCOAL, beſides its property of conducting electricity, 
is, on many other accounts, a very remarkable ſubſtance; being 
indeſtructible by any method, beſides burning in the open air; 
and yet it ſeems not to haye been ſufficiently ſtudied by any chy- 
- miſt. A proper examination of it promiſes very fair, not only 


to aſcertain the cauſe of its FonduRing, and, perhaps, of all 
conducting 


rn | CH ARC O AL, PER 575 


onducting OI but to be an Opening to various other i im- 
portant nn in chymiſtry and Natural emen 9 ww 
the ſabje& ſeems to be fairly within our reach. > 913 bs” 
| PrT col, and probably all other (pbllaticts;-ad hs Hicks 
| deciding loſe much of their weight, increaſe. confiderably 
in their bulk in the operation of charring. Does it not ſeem to 
follow from hence, that its conducting power may poſſible "wil 
owing to the largeneſs of its pores, agreeable to the hypotheſis 
of Dr. Franklin, that electric ſubſtances have nne fall 
Pores, which diſpoſe them to break with a poliſn. 
On, fince the calces of metals, which are electric bodies; 
become metals, and conductors, by being fuſed in contact with 
charcoal; are not metals themſelves conductors of electricity, in 
conſequence of ſomething they get from the charcoal? ? 
Tuts courſe of experiments, however, evidently overturns one 
| of the earlieſt, and, hitherto, univerſally received maxims in 
| electricity, viz. that water and metals are conduQors; and all 
other bodies non-conductors: : for we have here a ſubſtance, 
which! is e neither water, nor a metal, and Fu A rm con 
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INDING ſome contrariety of opinion among electricians 

about the nature of ics, ſome ſaying it was a conductor of 
elearicity, and others a non- conductor, ſo as even to be capable 
of being charged like glafs, I took the opportunity | of a pretty fe- 
vere froſt. in che month of Fabry, to allute niyfelf of the 
fact. 


I order to this, I took a large ; EIS of ice, waſhed it very 


ſry and ſcraped off all the ſharp points about it. Aﬀtet this, 


when it was again perfectly frozen, I inſulated it, at night, in 


the open air, whither I had carried my machine on | ton * 


the ſame time that it was freezing intenſely. | 
Wuxx, by drawing a feather over its ſurface, I found it to be 
perfectly dry, I electrified it, and fetched large ſparks, not leſs 
than an inch in length, from all parts of it. I charged a jar at it, 
almoſt as well as at the prime conductor; I alſo diſcharged the 
jar throu gh it, and along the ſurface of i it, in ſeveral places 3 ſo 
that I had no doubt, but that ice was, nearly, as good a con- 
| ductor 


we. W. nor CLASS e 


ductor of cledricity as water. To try the ſame to more advan- 
tage, I took a charged jar into the open fields; and, by means 
of a great length of chain, diſcharged it along a large ſurface of 
ice on a pond, whilſt the ſurface was very dry, and the froſt 
continued very intenſe. But the ice being not ſo good a con- 
ductor as metal, if the chain communicating. with the- outſide 
of the jar happened to lie five or fix inches from the knob! of the 
wire communicating, with the inſide, the fire would ſtrike: to the | 
chain, along the ſurface of the ice, without entering Its; 40 21 
| Snow is evidently not ſo good a conductor as ice; probably 
becauſe its parts do not lic in contact With one another, as thoſe 
of ice. | 1 8 1 1 not 


— 


Fix. DING alſo that elefricians were not perfectly We thai 
the conducting power of hot glaſs, and that the methods. which 
had been uſed to prove it were liable to objection; ſince, when 
the electricity was communicated along the outſide of the glaſs, 
it might be ſaid that the hot air, and not the hot glaſs was the 
conductor; it occurred to me, that the following experiment 
would determine this affair, in a more ee manner than 
it had hitherto been done. | Hos 280 © 
I PROCURED 2 glaſs tube, -about four feet long 3 'Y ond by 
means of mercury in the inſide, and tinfoil on the outſide, 1 
charged about nine inches of the lower part of it. Then carefully. 
ſlipping off the tinfoil, and pouring out the mercury, I heated the 
charged part of the glaſs red hot; and an your _—_— 
the coating, that it was diſcharged. a 
| I' maps the experiment a ſecond time, WR 1 uni 
10 that I had no doubt, but that glaſs, when red hot, was per- 
vious to the electric fluid. It could not have gone round from 


4 1 | 43 the 
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the katie to the outſide, without going over a ſurface of fix feet 
of glaſs," the n ww of which was n yr cold, and ur 
_ exceeding dix. 
Tur the charge ne noe: . tt by: Aungiag the quick- 
filver was evident: for when T-repeated that part of the experi- 
ment, without heating the glaſs, the e was * to be 
nn diminiſhed. © | 

Sontx time after, when I was preparing FINS baked wood for 
the purpoſes of inſulation, I found, that if I uſed them ſoon after 
they were taken out of the oven, they would not anſwer my pur- 
poſe at all. The electricity went off by them to the floor. But 
when they had ſtood, in the very ſame fituation, till they were 
cold, they inſulated very well. 

ro this, I made a piece of baked wood, which I had . 
merly uſed for inſulation, pretty hot; and when it was ſo hot, 
that I could hardly hold it in my hand, it took a lender ſpark 
from the conductor, about an inch long; but it would not diſ- 


charge a jar at once. It did it however —. 7. ent much 
like ot wood. 


Tart canton of the > power * charcoil;” 0 
the manner in which it is made, namely, by burning inflam- 
mable ſubſtances in a cloſe place, and generally without flaming, 
led me to make a few neee on the conducting power 
of the effluvia of flaming bodies, at the very time of their emiſ- 
ſion: for whatever thoſe effluvia be, they ſeemed in ſome meaſure 
to contain the conducting principle. That ſubſtance, or prin- 
ciple, or whatever it be called which can only be exhaled in - 
flame, and not in ſmoke, does in this caſe make a body a con- 

ductor; whereas if it be e to pe, the conducting 
power is diminiſhed. N 


THE 


be, W M er ET IU VI ohh 


Tus conducting power of the flame of a candle was obſerved 


very early; but it was not compared with that of other things; 
and it had by ſome been ſuppoſed to be nothing more than the 


heat 'communicated to the neighbouring air. The experiments 


F am going to recite ſeem to overturn this N eee * to 
eſtabliſh that mentioned above. 


Maxcn the 14th. a ſmall charged phial held riot W than 


a ſecond within two or three inches of the flame. of a candle, 


either above or below it, where the heat was altogether incon- 


ſiderable, and the rarefaction of the air in a manner nothing, 
was totally diſcharged. The event was the ſame when I uſed 
the flame of a wax candle, or the flame of ſpirits of wine. 
When it was held much nearer to a red hot poker, it was not 
diſcharged near ſo ſoon; and when it was held exceeding near 
to a piece of red hot glaſs, it was not diſcharged at all, except 
by one exploſion, ſeemingly conducted by the hot glaſs. Similar 


experiments were made by placing the candle, the poker, and 
the hot glaſs near the prime conductor. It was alſo found, 
that the ſmall phial above-mentioned could not be nn in 
. he focus of a concave mirrour.. 

Bur the ſmall jar above-mentioned was bags in theſe 
experiments ſilently; and though they ſeemed to be clearly in 
favour of the conducting power of the effluvia, which paſs off in 
flame, there was nothing very ſtriking in them; but after- 
wards, when J had conſtructed an electrical battery, I repeated 
the experiments in a much more firing and convincing man- 
ner. = 

DECEMBER ts I gth. ack the fave of a candle between 
be braſs knobs, one communicating with the inſide, and the 
other with the outſide of the battery ; and obſerved, that as the 
flame advanced towards them, it began to be put into a quiver- 
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| ing tavtion; exceeding quick, and was ſtrongly drawn both 
age towards each knob, leaving the wick bare at the top; and 
as ſoon as the flame was quite between the rods, the battery 
diſcharged at once, at the diſtance of three inches and an. half. 
This is a very fine experiment. The interpoſition of the flame 
between the two braſs rods is like putting fire to a train of Bun- 
Powder, which explodes immediately. | 
_. Warn I advanced the ignited wick of a candle, juſt blown out, 
— the rods, it was ventilated exceeding briſkly ; and when 
it was put between them, when ſeparated to about the diſtance 


of an. inch, the diſcharge was GC and the candle _— in 
. 


To compare che conductin g power of flame wich that of 5 
bodies, which had more heat but leſs effluvia, I put a red hot 
poker between the two rods, but it did not promote the diſ- 
charge of the battery till they were brought within about an 
inch and an half of one another; ſo that the exploſion was made 
at about twice the uſual diſtance, allowing for the ſpace occu- 
pied by the poker itſelf; and yet the air in the neighbourhood 
of the poker was more than ten times hotter than in the neigh- 
bourhood of the candle, conſidering the diſtance at which they 
were held from the rods. Both ſides of the hot poker were 
marked with an imperfect citele, like thoſe that were impreſſed 
on each of the knobs 5, an account of | which wil be mee here- 
after. 
Iran interpoſed: a piece of redhot gluſs, which has as great 
a heat as the iron, but emits leſs effluvia; but it did not pro- 
mote the diſcharge till the braſs rods were brought within an 
inch of one another, which was fo near. that the „ almoſt 
| ee ant both. e 
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As I was — the experiments concerning the paſſage 


ali the electric exploſion over the ſurfaces of various bodies, as 
will be mentioned hereafter, I accidentally diſcovered how ex- 
ceedingly poor a conductor is oil of every kind; inſomuch that I 
think it ought rather to be claſſed among electric ſubſtances z 
though before that time, I imagined that oil did. not differ very 
much from water, with reſpe& to its conducting power. I had 
been led into the miſtake by ſome experiments of Mr. Wilſon, 
who has ſome where advanced the propoſition above-mentioned; 
and argues that the tourmalin is poſſeſſed of a fixed kind of elec- 
tricity, incapable of being conducted away, becauſe it retains 
the ſeparate power of each of its ſides, though ſurrounded with 
melted greaſe ; whereas I find, that nothing of an A nature 
will conduct electricity. 
L Aix a chain, which ——_— 2 0 the outſide of my 
battery, in a diſh of melted tallow, I brought a braſs rod com- 
municating with the inſide towards it, in order to make the diſ- 
charge, by tranſmitting the exploſion over the ſurface without 
entering it; when I was ſurpriſed to find, not only that the 
electric matter would r t take the ſurface, but that, though it 
attracted a column of e at the diſtance of about three quarters 
of an inch (which was thicker in proportion as the rod was 
brought near the ſurface) and though I continued amuſing my- 
ſelf with this column of tallow a conſiderable time; in which ſtate 
it formed a complete communication between both fides of the 
battery, yet the charge was very li ttle diſſipated. I repeated this 
experiment, with the ſame event, with oil of olives, the thin- 
neſt oil of turpentine, and even ether. A plate of common oil 
of olives connected the inſide and outſide of the battery for near ten 
minutes, without my being able to perceive that the charge was 
more diſſipated, than it wouls have been without that communi- 
4 x cation. 
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Ether is thelighteſt fluid in nature next to air; yet, 
— wane an oil, it proved no better a conductor than the 
noſt tenacious. I was moſt ſurpriſed that the ether did not 
take fire by this treatment, as nothing is more inflammable ; 
and if the N matter can nd Nt it, mg fires ſo 
8 ſoon. 8 
Font theſe expetitnents, Fm” thoſe nne on Wa 
I concluded, that fluidity, as ſuch, contributes nothing to the 
conducting power of ſubſtances, ſeparate from the heat which 
makes them fluid. To complete my experiments on oils, I filled 
phials with all kinds of oils, according to their chymical diſtinc- 
tions, including the fineſt eſſential oils, the ſtrongly empyreumatic, 
and thoſe that are termed mineral, as od of amber; and found 
them: all incapable of giving a ſhock. But 1 found that this 
method of trying the conducting power of ſubſtances,” viz. by 
incloſing them in phials, and endeavouring to give ſhocks by them 
s very inaccurate, ſhowing: them to be better conductors than 
they really are. Pounded glaſs, flour of brimſtone, and other 
electric ſubſtances gave a conſiderable ſhock ; but a bottle con- 
taining nothing but air gave a greater ſhock than any of them; 
though the wire inſerted into it was very blunt, and was kept 
in the center of the bottle. Finding, by theſe experiments, 
that oil plainly conducted much leſs than air, I endeavoured to 
charge a plate of oil like a plate of glaſs ; and for this purpoſe I 
perforated a glaſs ſalver, and thereby gave a coating of tinfoil to 
both ſides of 2 quantity of oil poured into it; but the brim of the 
ſalver would not contain enou gh to give it a ſufficient thickneſs; 
otherwiſe, L make no doubt, but that a thock gt be given by 
it better than by air. 

-F 8HALL juſt mention upon this ſubje&, his I lately a 
ed, and do not know. whether it has been noticed by any writer, 


that 
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that ice of o ot; contrary to ice of waters is is ſpecifically heavier tun | 


the fluid ſabſtance, and ſinks i in it. : 5 


FinvinG fo great an agreement, ie reſpect to deer b 
perties, in this whole chymical claſs of bodies, I began a kind of 


| courſe of chymical electricity; ; but had not leiſure, or opportuni- 
ty to purſue it as it deſerved. The few hints that I collected may 


poſſibly be of ſervice to future inquirers; and for this reaſon I | 


ſhall note them juft as they occurred, though they contain re 
that 3 is remarkable. | 

A ſaline - ſubſtances that I examined towed; b in nd; pibt= 
ty good conductors. I tried moſt of them by making the diſ- 
charge of the battery through them when inſulated; which ap- 
pears to me to be a very good method, indeed the only one that 
can well be depended upon. In diſcharging the battery with a 
piece of alum, the exploſion was attended with a peculiar hiſſing 


noiſe, like that of a ſquib. Rock ſalt conducted pretty well, but 
not quite ſo well as the alum. The electric ſpark upon it was 


peculiarly : red. Sal ammoniac exceeded them both in its conduct- 


ing powers, but it would not take the leaſt ſenſible ſpark; ſo 
that it ſeemed made up of an infinite number of the fineſt points. 


Volatile fat ammoniac I only tried in a phial, when it gave a ſmall 


2 oraz es, I aud, have made experiments, "which ſhow how imported. a a conduc, 


tor oil is. The following proofs of this are exceeding curious and pleaſing, I. F. Cigna, 
Doctor of Medicine in Turin, obſerved electrical attraction and repulſion between conducting 


ſubſtances plunged in oil. Nollet's Letters, Vol. 3. p. 168. 


Monsizus VIII ET E, optician at Liege, filled a diſh of metal with oil, and when he | 


had eleftrified the diſh, he plunged a needle into the oil, and received a very ſtrong ſpark 


as ſoon as the point of it came within a- ſmall diſtance of the-diſh. A ſmall cork ball being 


made to ſwim in this oil, upon the approach of the thicker end of the ſtalk of a lime, 


plunged to the bottom, 104 immediately roſe again to * top. 1 Nollet's Letters, 
Vol. N 3132. kits: Ibo 


| ſhock; 


r 


| — Wn to make the electrie exploſion paſs over its ſurface, 
it was diſperſed into a great number of fragments in all directi- 
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the fragments diſperſed in all directions. 


| | | paar Ill 
Sa een enen e uche ammoniac. En- 


ons with conſiderable violence, ſome flying againſt my face. 
Selenitic ſalt conducted a ſhock but poorly. Vitrialated tartar 
gave a ſmall ſhock. White Sugar ſeems to be an exception to 
this rule: for it may be fairly ſaid to be no conductor; as the 


eharge of the battery would hardly paſs through it in the leaſt 


„ 


Tux metallic falts in general conducted better "oy other neu- 
trals : blue and green uitrial conducted very well, though they 
would not tranſmit a ſhock. -. 

Tur ores in which the tinetal. ; is. : avail 1 in a - metalline ſtate 
ſhould be very good. conductors might naturally be expected. 


Thus a piece of gold ore from Mexico was hardly to be diſtin- 
| — in this reſpect, from the metal itſelf ; and a Piece of fil- 


r ore from Potoſi, though mixed with pyrites, conducted very 
Pas But even ores in which the metal is mineralized with ſul- 
phur and arſenic, as the ores of lead and tin, and cinnabar the 
ore of quickſilver were little, if at all inferior to them. The 
cinnaber that I tried was factitious; but there can be no doubt 
of its being the ſame as the native. When I made the exploſion 
of the battery paſs through it, it was rent into many pieces, and 
Ores, however, that 
contain nothing but the earth of the metal conduct electricity but 
little better than other ſtones; though I thought that all the * 
eimens of iron ore that I tried conducted better than marble, * 


Ae mne Bone, very early, thought it was eaſy to diſtinguiſh the ores of metals 


from other earthy ſubſtances, by means of their greater conducting power. Geſchichte, 


Vol. 1. p. 293» 


I EXAMIN= 


ol EXAMINED ſome 4250 ſand that came WI the coaſt of Af. 


rica, which is a * iron ore, and part of which is affected by 
the magnet as mu 


would be eaſily attracted by it (about one ſixth of the whole) it 


„Kaen I think, 1 may venture to er 1 u true ied 
proper ores of the more valuable metals might be known by their 
| property of conducting electricity, I cannot ſay that electricity 
will furniſh any rule to aſcertain the value of the different ores 
of the ſame metal. I tried two pieces of copper ore, one the 
moſt valuable that is known, and another of only about half 


the value; but they were hardly to be diſtinguiſhed _ one 
another in their conducting power. 


Bi ack Lad in a pencil conducted a ſhock ſeemingly like 1 21 


or charcoal. A ſmall lump of it took as full and TORT a 1 0 
from the prime conductor as a braſs knob. | 


Arx the fony Subſtances that I tried condatte2 very well, thigh 
ryan warm. Even a piece of poliſhed agate, though ſemi- 
pellucid, received the electric ſpark into its ſubſtance; though 


it would paſs over about three quarters of an inch of its ſurface 
to reach the finger that held it, and it diſcharged the battery 


but ſlowly. Limeſtone, and lime juſt burnt were equally i imper- 


fect conductors, hardly to be diſtinguiſhed” from one 3 : 


Lapis hematites, and touchſtone both conducted pretty well; 


did a piece of gypſum, and plaifter of Paris, only the why „ 


having a ſmoother ſurface, took a ſtronger ſpark. A piece of 
ſlate, ſuch as is commonly uſed to write on, was a much better | 
conduttor than a piece of free ſtone, which conducted very poorly. 


"* | 1 


h as ſteel filings; and found it to conduct elec- 
tricity, but not a ſhock. Separating with a magnet all that 


ndx _ wn en well. an 1 nd ey 


Marbles alſo conducted conſiderably better than free ſtone. 1 


l > 
l 22 
2 
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e among ſpecimens of maczle 
Was a 3 


7 hrieib tried, in wh 3 —— ie 
of Spnis chalk, which * a tet condutted pretty n | 
marble.” RT LY RAR TG Bon 408 84221 
1 A*LARGE: sse ds: bdo, ſoar, wits tinge of nd Pl 


tranſparent, would hardly conduct in the leaſt degree.. I took 


pretty ſtrong my from the © PTE conductor while it was in 
contra with it l i er e e en . i 


> 4 1114 F 


PLES 


A PIECE of 8 a black colour took ſoarks at a a 
able diſtance from the prime conductor, like ſome of the inferior 
pieces of charcoal. Another piece of pytites, which had been 
part of a regular ſphere, conſiſting of a ſhining metallic matter, 
did not conduct near ſo well, though much better than any other 
ſtony ſubſtance. It Was a Find of medium betwixt a ſtone and. 
an OTC. 505 {6:57 
A, PIECE, af afbeftas from Scotland, jun as in is W 3 
its bed. would not conduct. It was in contact with the conduc- 
tor, while I took ſparks at the diſtance of Walt an ah with a 

moderate electrification. * f 
Or liquid ſubſtances, 15 of 4 inal pon wire e —_ tad 
the, moſt highly rectified ſpirit of wine Se a; * ck. —_ 
water, but perhaps not quite ſo well. + ci gay 

Tuls courſe of experiments on the conducting power of 3 
ſtances, according to their chymical claſſes, would, probably, 
be very uſeful, if purſued with care. Thoſe mentioned above 
were generally ſingle ex rimentz. which. are 1985 ſo much 1 1 

depended upon. 

THERE are ſome other 3 v Bede E 8 latins pow- 
er I have tried, and becauſe I think it would not be eaſy to fay, 

a Ori, « 0 hieb ſt 5 two Nurse . ee I ſhall juſt 


r YM —pPRrviinrtooy mention — 
0 | * a 


UW 
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mention the reſult of my experiments wow Ong neatly in the 
order in which they were made. nen is 

Dry glue, which is an animal endet is a eondücbor of 
electricity, but does not conduct a ſhock. t 
PovunpeD gloſs mixed with the white of an egg, and which 
had ſtood till it was perfectly dry, was a conductor. 1 had put 
it upon ſome broken jars, thinking that the compoſition would 
be an electric ſubſtance, and that it would make the j Jars hold a 
charge again. 8 

Paix r, made of white lead and oil, very old, and dry, prov= 
ed a conductor. I tried it in a 4 veſſel which had been 
firmly pieced with it. A part of the veſſel, through which 
there was no crack, would receive a charge very well; but a 
piece in which there was a crack, and which had been os 
wi ith us cement, could not be charged at all. 0 
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EY o THE Pikrtinod OF ELECTRICITY 


OVER THE SURFACES of GLASS TUBES, CONTAINING A A NEW 
DBA ODEIDT 


"METHOD c oF S' THE ELECTRIC SHOCK. | 


. ” = * * 
7 3% "y * gms * of 411 \ e \ BL Ss F * 
ons 1 12 : 136 171. 33 a3} RN 
” ö * ol 
2 * * * o a o : if - * ods 
# > + K-44» C af 8 2.44 : A E oh * 3 F. — by Gyt' © CEP Oo + 7% * „ ; . 
Er SHE F 24 2% hae 10 8 FA T1 C82 Ws 314.44 + 5 . ; 
4 Fs & 4 = | * . * ” » A - £ ” ORE. 5 > 3 5 * 8 * > 2 1 3 4 a. 4a «4 * ' * * 3 = 
. 5 . 
fY + - * 5 4 of — £ Fog * * „ * yy 4 * 5 * * 8 a {6% v * * F G \ z * ” * * * & : # 
3 * 1. | 4 * —_— F © 4 — * 1 *2 : 7 ieee „ nn 12 of 35 4. ia # 
; 4 FY z 
. . 111 1 $ „ 1 i 1 


TT had been 6 Pre . many. electriciat 1 "new. 9 

are often difficult to excite; but I have ko ſome experi- 
ments, which prove this fact, and other differences between new 
and old glaſs, in a more diſtin&t manner than any thing elſe I 
have yet met with; but they leave the cauſe till unexplained. 
Tux moſt remarkable property of new flint glaſs is the eaſy 
diffuſion of electricity over its ſurface. I have ſeveral times got 
tubes made two or three yards long, terminating in ſolid rods. 
Theſe I have taken almoſt warm from the furnace, in the fineſt 
weather poſſible, having immediately inſulated them, and hang- 
ing pith balls at one extremity, have always found, that they 
would ſeparate the moment that the wire of a charged phial was 
applicd to the other end. This I had reaſon to think would be 
the caſe at almoſt any diſtance at which the experiment could be 
made. I have even charged a phial very ſenſibly, when it was 
held cloſe to the glaſs, at the diſtance of a yard from the wire of 
2 charged Phial, held cloſe to another part of i it, the coatings of 


2 of | both 
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both phials being held i in my hands. When the ſame tube were 

4 few months older; I found that the electric virtue could not be F 
diffuſed along their ſurfaces farther than about half a yard. 
Son tubes, which I have tried the day they were — 1 
have found impoſſible to be excited in the leaſt degree, even with 

the uſe of oiled! filk and amalgam, for an hour together; when 
a ſingle ſtroke of the * rubber has rendered other tubes high- 
ly electrical, and two or three have made them to emit ſponta- 
neous pencils. The Cake: new'tubes, upon being much rubbed, 
have begun to be excited, and in a few days have acted pretty 
well. Oe whe ©: 6 Fg ER 

Bor that the firſt coat of new glaſs is, in ſome meaſure, a 
conductor of electricity, was moſt evident from ſome experiments 
which I made with long and very thin tubes, which were blown 
ſome time in the month of March. Theſe, to amuſe myſelf, 1 
coated in different places, and the diffuſion of electricity, from 
the coated part to that which was not coated, appeared to me 
very extraordinary. I think my reader will not be ee if 
I relate a few of the particulars. 

I PROCURED a tube, open at both ends, about a yard in length, 
but of very unequal width. About three inches of the middle 
part of it I coated on both ſides; and charging it, by means of a 
wire introduced at one of the ends ; I perceived, not only. that 
the part through which I had introduced the wire was ſtrongly 
electrical on the outſide, but that at the oppoſite end, where 
there was neither coating nor wire, the fire crackled under my 
fingers, as I drew the tube through them, and a flame ſeemed to 
iſſue continually out at both the ends, while it was at reſt and 
charged. N. B. One 10 of this tube was broken, aud rough, 


the other was ſmooth. 
. I yRoCURED another tobe, 8 an LP in diameter, and 
| very. | 
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very thin. It was about three feet and a half in lengthy and 
| Cloſed at one end. About nine inches below the mouth, Icoated 
three inches of it, both on the inſide and outſide. This part I 
charged, and then obſerved the hole tube, to the very extre- 
mity of it, to be ſtrongly electrical, craekling very loud when 
I drew my hand along it, and giving ſparks, as from an excited 
tube, at about the diſtance of an inch; all the way. ot -olyaft « 
Io give the reader a better idea of theſe experiments, I have 
given a drawing I Pl. i; fig. 7. ] of one of the tubes with which 
they were made. It is W at one end. and the part [a] is 
coated. 1 
AFTER drawing the whole tube 0 0 my hand, all the 
electricity on the outſide was diſcharged; but, upon putting my 
finger within the mouth of the tube, an effort to diſcharge itſelf 
ſeemed to be produced, which ſhowed:itſelf by a light ſtreaming 
viſibly from the coating, both towards the finger. and likewiſe as 
vigorouſly towards the oppoſite end of the tube. After this I 
found all the outſide of the tube loaded with electricity as before, 
which might be taken off, and revived again many times, with 
the ſame original charge; only it was weaker every time. 
Hor pix this tube by the coated part, and. preſenting. che 
uncoated outſide, near the cloſe end of the tube, to the prime 
conductor, the-infide became charged as well as. the outſide; 
and, Wan ns. a wire, a ont a **ploſion Was 
made. 5 
Tux diſcharge madd ths? conlige PRIOR clerical, 3 by 
taking this electricity oft, the tube Was charged os very ſen- 
1 | | 5 | A 
Hol vinG it by the uncoated part, and preſenting” thei er 
part to the conductor, the inſide became charged as before. 
Havino firſt * * this tube, I cloſed the open 


end 
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end with cement, made of bees wax and tuepentie,. an ineh or 


mort in tliokneſs; but ſtill, by applying the outſide of the 
tube (either che coated or the uncoated part) to the conductor, A 
found it manifeſtly charged, but not quite ſo high as when the 0 
end was left open, though the difference was not great. 15 
PRO. ED myſelf with another tube, about an inch and a 
quarter wide, and three feet long but it was drawn out one 
foot more very mall; and another foot at the extremity was 
ſolid, ſo that it was. in all five. feet long, I coated about four 
inches of this tube, two feet. below the mouth of it. The balls 
being hung at the extremity of this tube, or rather 41 the ſolid 
rod in which it terminated, they ſeparated the moment I began 
td charge the coated part. The diſcharge brought them toge- 
cher though not n but a ond e would ge- 
nerally do „e 1142; 1994143 
8 Tur refiduums of any of theſe WII of rabich, 10 mall a EY 
was coated; were very conſiderable. I thought that all of 
them might be equal to the firſt diſcharge. In the laſt mention- 
ed tube, there was a reſiduum after a "great number of diſcharges, 
1 believe twenty or thireyxrxrp 110, rod ff 
-IMAGINING. that the diffuſion: on e 1 a af the Aha 


above-mentioned depended upon the newnels of the glaſs, I pre- 


ſerved them fix or ſeven months; having obſerved by examining 
them at proper intervals in the mean time, that this property, 
and others depending upon it gradually leſſened; and before 
this time it was quite gone. There was no 8 of electri- 
city over their ſurfaces, and they were as eaſily excited as other 
an at the ſame time that they received a very good charge. 4 

Ar length, by: ſome accident or other, all the tubes on which 
I had made theſe experiments were broken, except one, which 
was cloſed at one/end, and which, indeed, Was the moſt rematk- 

able 


% 
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able of them all. Upon this tube, in the month of November, 
I began to renew my experiments, | comparing it with others 
which I got made at that time, in order to aſcertain on what 
circumſtances this diffuſion of electricity depended. Theſe I 
ſhall diſtinctly relate, noting the time when each en 


: 5 was made, and every other circum 
8 . could p poſſibly have any influence 4h Ae «or 
| © NovenBER the 13th.:I:once:more ama to ent YE. 


experiments above-mentioned with. the old thin tube, with as 
8 much cate and precaution as poſſible, but without the, leaſt ſuc- 
. ceſs. At the ſame time I charged two other thin tubes, one 
dloſed, and the other open, after they had been made ahout fix 
weeks, but without being uſed in the mean time, and they an- 
fwered exactly as the former tube had done, when it. was: new. 
The charge from a ſmall coated part diffuſed itſelf all ayer — 
- tube; ſo that at the diſtance of a yard from the coating, it 
ſparks to the finger of an inch in length, and in all 3 ag 
hibited the appearance of a tube freſh excited. On this occaſion 
- firſt obſerved, what afterwards drew my attention in a mote 
particular manner, that when my finger-was brought to the tube 
about two inches above the coating Cas at B. Pl. i 1. * 94.4 it . 
charged a great quantity of that n. Wen 
PW" arm was violently ſhocked YE 
NovrMBER the 19th. After baiting the old ube, and en- 
denvoring to repeat the former experiments, both 9 very 
warm, and after it was cold again, but to as little purpoſe as 
before ; I took it to the glaſs houſe, and. got it made red hot all 
| - over, ſo that it would eaſily bend any way; and as ſoon as it was 
5 cold, I tried the old experiments, and found that it had com- 
ten, pletely recovered its former property. Charging a ſmall coated 
Lad the electricity was diffuſed to the end of the tube, over 
three 


* 


fe ry glas, and it gave ſparks at the ditanke of un 
inch in any part of it, exactly as if it had been excited with the 
beſt rubber. When it was drawn through my hand, wheteby 


that diffuſion was taken' off, it preſently returned again; and 
the extremity of the tube would get load: ile its communi- 
cation with the coating had been cu off, by my hand being co con- 
Ranitly held on the middle of it. 
I ALso obſerved, that the middle part of this tube, which b had 
been ofteneſt heated, in melting the whole over again, one half 
at a time, had a much ſtronger diffuſion than the other parts. 


Tt was no ſooner taken off, than it 1 again, ſo Ern it 
ge: a continual 8 of wine ; 


wy cc at 


Rense ſo chat K outſide coating would, sea offer; : 
give almoſt a conſtant ſtream of fire to 2 conductor preſented | 
0 it, for a conſiderable time. HD 
' This tube was now, as it had been at the firſt, abſolutely i in- 
capable of being excited with the beſt rubber. 1 
Janvary the 6th. 1767. Examining all the tubes with 
which I had made the experiments of the diffuſion, - I found that 
property either quite, or very nearly gone. One of them I're- 
ſtored by heating it red hot. Another I heated only at the end 
moſt remote from the coating; but there was no diffuſion upon 
it, when the coated part Was charged; the uw which | had not 
been made red hot intercepting it. 2 00 250 
NovxMBRR the 24th. In order to ade lech this 
1 property of diffuſion depended i in any meaſure upon the ſmooth- 
neſs of the ſurface, I made a circular part of one of the thin 
tubes, about half a yard beyond the coated part, quite rough 
with emery, about three inches in length; but this did not pre- 
vent the diffuſion” in the leaſt ; both that rough part, and the 
4 G N | ſmooth 


23 1 had done the others, namely about three inches, at the 
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ſmooth glaſs beyond i it were as much loaded with the cleQricity N 
as the reſt. 
I xrARN took the poliſh off o line the whole length of the tobe, 
from the coating to the extremity of it; but Kill the effect was 
the fame : and I make no doubt would * been ſo if 1 had 
made all the ſurface rough, 
| In order to eral whether this property depended — 
the thinneſs of the tubes, I got one made of a twelfth of an inch 
thick, and uſed it immediately; the diffuſion was very ſenſible, 

| and it was incapable of being excited, This, however, was not 
always the caſe with tubes of ſo great a thickneſs. 
NoveEMBER the 2 5th. Willing to carry this experiment a lt 
tle further, I got another tube four feet long, and of the eighth 
of an inch thick. I coated a ſmall part of it in the fame manner 


diſtance of nine inches below the orifice, and obſerved the 
diffuſſon to be very remarkable in proportion to the charge it 
received, which was very moderate. It could not be ſenſibly 
excited in the leaſt degree ; except that, in the dark, an ex- 
geeding ſmall light was viſible near the finger, when. it touch- 
ed any part of it, immediately after excitation; but not the 
leaſt ſnapping could be perceived, nar any thing felt with the 
ge. i 
To find whethar this property depended upon the kind, as wil 
as the newneſs of the glaſs, I afterwards,, coated a part of a very 
thin glaſs: of the common bottle metal, but I found no diffufion 
upon it at all. It was what is commonly called a ſinging glaſs. 
F would have purſued this experiment by trying the fame glaſs 
in other forms, and oy: trying other kinds of glaſs, but I wad 
no opportunity. ; 
* OBSERVED, in all the _— which had the Jiffofion, that 
in 
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in drawing. my hand from the extremity of them towards the 
coating, after they were charged, ſo as to take off the diffuſion, 
there was 4 conſiderable noiſe at the orifice, as if the tube had 
been gradually diſcharging itſelf, and this nen did e 
rently leſſen the charge. 

Ix the dark the electric fire com to pour perpetbely fem 
the open end, or both the ends, if they were both open; afd 
whenever I drew my hand over it, the fire ſtreamed from the 
coating towards my hand in a very beautiful manner. 

IT was very remarkable, that, the firſt time I charged any 
of theſe tubes after they had ſtood a while, the diffuſton was the 
moſt confiderable, and that it leſſened every facceflive charge; 
till, at laſt, it was exceeding ſmall; but after the tube had 
ſtood a few hours uncharged, is was as vigorous as ever. 
DrcRMEBRR the ft, I, for the fifft time, took particular no- 
tice, that, in charging a thin tube, and afterwards holding the 

coating in one hand, and drawing my other hand, ſo as to graſp 
the tube; beginning at that end which was moſt remote from 
| the coating; that ſometimes, when my hand came near the. 

_ coating. fas at 5. PL i. fig. 7.] Treeeived a very conſiderable ſhock 
through both my arms and in my breaſt, en, like haki ao; 
from the Leyden phil. 

Tux fame day, I felt a fimilar Moeck wy another am abe: 
4 what was more remarkable, I did not receive it till the- third 
time of drawing my hand over the tube, having miſſed the ſtroke | 
the two firſt times; though I moved my hand, as near as I could | 
judge, in the fame manner. This ſhock was not very great, JE 
but ſenſible in both arms. 1 
 DgcEMBER the 34. I received ee: ſhock, the third time 
of drawing my hand over the tube, and much more violent than 
. bat 72 * ting both my arms and breaſt. At this time 1 

| 4 G 2 e obſerved 
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obſerved very Aly, that my hand was near two inches and 


an half from the coating, and that a ſtrong. light was viſible 


under my hand, and extended to the coating. The diffuſion at 
this time had not been very great, and the tube ene to be 


about half diſcharged after the ſnocc. I 
Ar chat time I could not think of any plauſible Fact to ac- 
count for this ſhock.; but preſently after I accidentally received 


another ſhock, in ſome reſpects ſimilar to this, the theory of 


which | I have been ſo happy as to inveſtigate, - and which mr 
throw ſome light upon this. 


_ DECEMBER the 21ſt. I made a torrecellian * vacuum in a ils 
abomt a yard in length (Pl. 1. fig. 8.] and holding one end of it 
in my hand, I preſented a part near the other end to the prime 


conductor; and obſerved, that, while the electric fire was pour- 


ing along the whole length of it, I felt ſome. peculiarly ſmart 


twitches every now and then in my hand, juſt ſuch as are felt 
when a thin uncoated Phial i is held in the hand, while it is charg- 


ed at the prime conductor, but more pungent. On removing 


the tube from the prime conductor, it threw out ſpontaneous 
ſparks from the place where it had touched the conductor, exact 
ly like thoſe which iſſue from the wire of an over charged phi- 


al; but they were longer, and much more beautiful. Then, 


bringing my other hand near the place where the tube had 


touched the conductor, received a very conſiderable ſhock in 


both my arms and breaſt, exactly like that which 1 had receiv-' 
ed before from the thin tubes; and, as with them, the ſhock 


was rather ſtronger | in the hand which was brought to the tube 
than in that which held it. If, without bringing my other 


hand to the tube, 1 only preſented it to the table, or any other 
conductor, it would throw out from the ſame place ſeveral ſtrong 
ſparks, attended with 8 faſb * Fah which filled the whole 


79 length 
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length of the tube. Theſe ſparks reſembled. thoſe which iſſue 
from the wire of a charged: phial, when it is preſented to the 
like OS ee gs . at *. e. time ; held. in an 
1 Ar awAnne "obſeived, hikes the — Gant; — 
this tube could give was felt when one hand continued in the, 
place where it held the tube, in order to charge it, and the other 
was made to touch the tube, an inch or two above it ſ as at e PI. 
i. fig. 8. Þ and at the inftant of the ſtroke a very denſe: ſpark of 
electric fire was ſeen darting the whole length of the tube. 
When three e denden * _ men, it ſhook all our 
arms greatly: Ro: 
Tux tube could nat be diſcharged | by e enen 45 near 
che other, unleſs that part of the tube had been brought to the 
conductor in charging it; and if any particular part of the tube 
only, had been brought to the conductor, the e could 
not be made without touching that par. 

Warn the tube had given a ſhock from any one ch it 
would give one or two more n en cog other 
Damme $955 © tc ang 0 

Tun eee 5 mh wins this abe bale: certain ond 
invariable, and the ſhock I received from the other tubes pre- 
carious, I gave more particular attention to this, in order to aſ- 
certain the nature of this ſhock ; thinking that, if I could ac- 
compliſn this, it would aſſiſt me in the inveſtigation of the o- 
ther. Accordingly, I coated about fix inches, near each end of 
the tube, I a and b Pl. i. fig. 8.] leaving the ſpace of about half | 
a yard of uncoated glafs between the coatings 3 and obſerved, 
that when I held one of bei comtings in my hand, and preſents 
ed the other to the prime conductor, it always received a con- 
ſiderable charge. and was diſcharged in one bright ſpark at the 


no - HR diſtance: 


©} 
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diſtance of above an inch, and ſometimes two inches, if, beſides 
the coated part, I had likewiſe preſented the uncoated | 
to the prime conductor; and ſometimes the thd pech ell 
diſcharge itſelf by a bright flaſh to the lower coating, leaving 
the coated part charged as before. If I held the tube by the 
middle, where there was no coating, and preſented one of _ 
oostings co the conductor, it received a pretty good charge. 
I rurx ſtood upon an inſulated ſtool,” and preſenting one of 
the coatings to be charged, white I held the other; I obferved, 
that it received not more than one fourth part of the charge it 
had before; upon which I immediately concluded, that the lower 
coating muſt have been charged negatively, whilſt the upper 
vas charged poſitively. This was quite confirmed by obſcrving, 
that ſparks could be drawn from my body, while I ſtood upon 
' the: ſtool prefenting the tube to be charged, but no W than 
till the tube had received its full charge; and that then the 
exploſion was as 1 as it 8 hen 1405 Ae. 
foot. G 1 
Warn inſulated: the tube, by ln it in- eh veſſel, it 
was ſtill leſs capable of taking a charge than when I ſtood. upon 
a ſtool and held it, this method making a more perfect inſulati- 
on. Hany conductor was preſented to the lower coating while 
It vety plentifully, till it had got a conſiderable charge; when 
thoſe ſparks entirely em. and the: wo _ e gave 4 2 
very: great exploſion- e ST. F085 TORT 
Frig6B. . the aer of is a new f aaa: of 
giving the electrie ſhock pretty obvious. The electric matter 
throwa. upon the upper coating repels an equal quantity from 
the inſide of the tube oppoſite, to it;: which, paſſing fuerly 
through the vacuum, (as is viſible in the dark) is accumulated 


— 5 


N 
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on the inſide of the other extremity of the tube, 8 thereby 
repels a quantity from the lower coating: ſo that the two coat- 
ings being in oppoſite ſtates, though on the ſame ſide of the 
tube, the ſame kind of ſhock i is given by We as if We had 
been on oppoſite ſides. 

BxIx fully ſatisfied with the mania mods 5 theſe. two 
coatings; and the theory of them, I amuſed myſelf with coating 
the middle part of the tube in various ways. 

Wurx the three coatings were about the fins ſize, 1 
placed at equal intervals; which ever of them was held in the 
hand, the other two were charged and diſcharged ſeparately. 
If the coating of one of the ends was held in the hand, and the 
other two were charged, the greateſt exploſion was from that 
which was diſcharged firſt. If thofe two coatin gs were placed | 
near one another, they were both diſcharged by the attempt to 
diſcharge either of them, and a flaſh of light was ſeen, betwixt 
them bath. In this caſe the exploſion Was ſometimes made at 
the diſtance of two inches and a half. 

Warn the middle coating was made very large, and 8 
| contiguous to the upper, the exploſion was leſs; a ſpontancous 

diſcharge being ſqon made to the lower coating. 

Wren the middle coating was taken away, it often SEL 
5 that, in drawing the whole tube over the prime conductor, be- 

ginning at the upper coating; when it came to the lower, by 
which I held it, a ſpark would dart to it from all the uncoated 
part of the tube, which diſcharged the electricity of that part, 
while the upper coating ſtill retained its proper charge. . 

Wren this ſpontaneous diſcharge was not made, the exploſion 
might be made at twice, once at the naked glaſs, near the lower 
coating, and again at the upper coating. If the diſcharge was 
firſt made at the upper coating, there remained very little for 
| . _ the 


% 
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te tower: part of the lebe“ And if the 0 Wits: Mae | 

about the middle of the tube, the whole ) len gd mi at one, 
and in a very beautiful manner. _ 1 


I Mus leave my reader to compare We Wan of this ſhock | 
ith! that given by the long and open tubes, as I am not able 
to do it to my entire ſatisfaction without more experiments; ; 
| which, as T obſerved, are een and which 1 en not lei- 
5 185 to attend to. | | 
As this courſe of experiments was begun wa an bat ob- 
4 ene of the different electric properties of new and old glaſs, 


I ſhall (after this long excurſion, Which 1 little foreſaw) conclude 


with an experiment or two an more (rears: Apo: The ori- 
gindl ſubje& of this... = SST A BILL 0 


INACGINXING that 4 difference e new my old glas 
9 micht be owing to the larger ſuperficial pores of the former, 
which made it approach to the nature of a conductor, and which 
contracted with time; I tho ght it might poſſibly be deter- 
mined by the experiment of the metallic tinge, the wider pores 
| receiving it better than the ſmaller ; and I was not diſappointed 
in my expectations. November the 19th.:I ſeveral times laid 
| two glaſs tubes, one a very old one, and the other quite new, 
eloſe together, with a piece of leaf gold or copper between 
them; and though I varied the diſpoſition of them in every way 
that: I could think of, and changed the tubes for others; I al- 
ways found the new glaſs to receive a much fairer, more 
beautiful, and indelible impreſſion than the old glaſs. 1518 
the quantity of the metal was in all the caſes ſtruck into it. 
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SECTION. ve 


| EXPERIMENTS TO VERIFY SEVERAL PARTICULARS or 818. 
NIOR BECCARIA's THEORY. OF ELECTRICIT: Y ; 
PARTICULARLY | CONCERNING THE ELECTRIC | MATTER 


| CARRYING INTO ITs PATH LIGHT SUBSTANCES. To ASSIST 
ITS PASSAGE. 


light ſubſtances that could aſſiſt its paſſage not quite ſatisfactory, 


I endeavoured to aſcertain the fact in a better manner, and ſhall a 


| lay before my readers the reſult of my experiments, 
 NovemMBEs the gth. I diſcharged frequent ſhocks, both of a 


common Jar, and another of three ſquare feet, through trains 


of braſs duſt, laid on a ſtool of baked wood, making interrup- 


tions in various parts of the train; and always found the braſs 
duſt ſcattered in the intervals, ſo as to connect the two disjoined 1 


ends of the train; but then it was likewiſe ſcattered nearly as 


| much from almoſt all other Parts of * train, and in all direc . 


Y EING greatly ſtruck with Signior Beccaria's theory con- 
cerning the paſſage of the electrie matter from the earth to 
the clouds, previous to a thunder ſtorm, and thinking his expe- 
riments to prove the power of electricity to conduct into its path 


i 
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ons. The ſcattering from the train itſelf was, FOTY PIER 
ed by ſmall electric ſparks between the particles of the duſt ; 
which, cauſing a vacuum in the air, drove all that light matter 
to a conſiderable diſtance, But the particles of the duſt which 
were ſtrowed in the intervals of the train, ſome of which were, 
at leaſt, three inches, could hardly be conveyed in that manner. 
_ Wurn ſmall trains were laid, the diſperſion was the moſt 
conſiderable, and a light was very viſible in the dark, illumi- 
nating the whole circuit. Tt made no difference, in any of theſe 
experiments, which way the ſhock was diſcharged. 
Wurx ! laid a conſiderable quantity of the duſt at the ends of 
two pieces of chain, through which the ſhock paſſed, at the diſ- 
tance of about three inches from one another, the duſt was al- 
ways diſperſed over the whole interval, but chiefly laterally ; fo 
that the greateſt quantity of it lay in arches, extending both 
ways, and leaving very little of it in the middle of the path. It 
is probable, that the electric power would have ſpread it equab- 
1y, but that the vacuum made in the air, by the Paſſage of the 
fluid from one heap 1 duſt to . aht. eres it from the 
middle part. | | 

1 THEN inſulated a jar * les 3 feet, 1 upon : an ates 
ing glaſs ſtand laid a heap of braſs duſt ; and at the diſtance of 


ſeven or eight. inches a braſs rod communicating with the outſide 


of the jar. Upon bringing another rod, communicating with 
the inſide, upon the heap of duſt, it was diſperſed in a beauti- 
ful manner, but not one way more than another. However, 
it preſently reached the rod communicating with the outſide. 


MaxinG two heaps, about eight inches aſunder, I,brou ght 
one rod communicating with the inſide upon one of them, and 
another rod communicating with the outſide upon the other. 
Both the heaps were diſperſed in all directions, and ſoon met; 

preſently 
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preſently after-which the jar was diſcharged, by means. of this 
diſperſed duſt, in one full exploſion,” When the two heaps 
were too far. aſunder to promote a full diſcharge at once, a gra- 
dual diſcharge was made e the ſcattered e of the 
duſt, 

Warn one th of duſt was laid i in the center of the and, 
** the two rods were made to approach on each ſide of i 05 
they each attracted the duſt from the ſide of the heap next to 
them, and repelled it again in all directions. When they came 
very near the heap, the diſcharge was made through it, without 
giving it any particular motion. 

All theſe experiments ſhow. that light bodies, poſſeſſed of : a 
conſiderable ſhare of electricity, diſperſe in all directions, car- 
rying the electric matter to places not abounding \ with it; and 
that they. ſometimes promote a ſudden. diſcharge of great quan- 
tities of chat matter from places where it, was lodged, to places 
where there was a defect of it. But an accident led me to a 
much more beautiful, and perhaps a more ſatisfactory manner 
of demonſtrating the laſt part of this propoſition, than any that 
IT hit ww while" I was mes. mY ee with that 
Warn 34) 341231. 24 _ 

DeceMBER ihe ih, | Havgiog a Fea 9% water 1 = 
boch of a braſs rod communicating with the inſide of my bat- 
tery, in order to obſerve what variety it might occaſion in 
the circular ſpots, which will be mentioned hereafter ;, I Was 
greatly ſurpriſed to find the nen made all at once, at che 
e of two inches. 

N I, ArTERwAR DS, put ſome braſs duſt upon a 2 0 of RY | 
communicating with the infide of the battery, and making the 
n * duſt, it exploded at the diflpaceaten Ab 

if 11: 48] 1 d 
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ant a half. The duſt x 
from thence was diſperſed in all directions. 
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roſe towards the diſcharging 109, and 


Tus experiments are the more remarkable, as they cone 
ſtrate ſo great a difference between the diſtance at which the 


battery may be made to diſcharge at once, by the help of theſe 
Ucgght bodies, and without them. The diſcharge of the battery 
by the knobs of braſs rods, in the open air, is at the diſtance 


of about half an inch; but, by this e, we fee it made at 


| three or four times that diſtance. 


Ur xss a perſon try the following experiment, he will hard 
ly conceive the extreme probability of the clouds and the rain 
being poſſeſſed of an electric virtue, in order to their uniform 
diſperſion, according to signior Beccaria' 8 theory. Put a quan- 
tity of braſs duſt into a coated jar, and when it is charged, in- 
vert it, and throw ſome of the duft out. It is very pleffing 
to ſee with what exact uniformity it will be ſpread over any flat 
ſurface, and fall juſt like rain or ſnow. | In no other method can 
it it he ſpread ſo a aac hl SRL MAT oC SRRSE "DI OTE LOI DET 


Iris woken: far 3 by Signiae Beccaria i d i that 


Re. Lk are ſometimes killed by lightning without being really 


touched by it, a vacuum of air only being ſuddenly made near 


them, and the air ruſhing out of their lungs. to ſupply it; and 


with ſo much eka that they could never recover their 
breath. As a proof of this, he ſays, that the lungs of ſuch per+- 
ſous are found flaccid; whereas, when they are properly killed 


by the electric ſhock, the lungs are found inflated. This ac- 


count always: appeared to me highly improbable. It determined 
me, however, to make a few experiments, in order, if poſſible, 


kn Pn the fact with ſome es of exactneſs. The reſult 
Was as follows. 


DECEMBER 
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-DgcgmBrn th 18th. 1 placed that part of an egg ſhell” in 
which i is a bladder of ait within an inch of the place where I made 
the exploſion of the battery, on the ſurface of ſome quickſilver; 1 
when the bladder was inſtantly burſt, and the greateſt part of it 
torn quite away. The ſhell was quits . 0 ang 420 Ria 
could not ſtretch in the A | 

Ir is evident from this experiment, that thei is a Knüble ex- 
panſion of the neighbouring air, to fill a vacuum made by rhe 
electric exploſion; but that this is ſo conſiderable as to occaſion 
the ſuffocation and death of any animal, Wn. 1 . "wy: "ry. 
bable from the following Tay. (217 341 

Iror a cork as flightly as poſſible in the! Antec of a ſmall 
phial but, though I held it en near FUE _ ou the ex- 
ploſion, it was not drawn out. 

IMA the exploſion paſs over the farkiics af a le bladder, 
ſtretched on the mouth of a galley pot; but it produced no ſenſi- 
ble effect upon it. I alſo held at one time the bill of a robin red 
breaſt, and at another time the noſe of a mouſe near the electric 
exploſion, but they did not ſeem to be at all affected by it. In 
order to examine the ſtate of the lungs, I killed ſmall animals 
by ſhocks diſcharged both through the brain, and through the 
lungs; but when they were diſſected there appeared no differ- 
ence. The lungs were in the very ſame ſtate ag Shay they were 
killed in another manne. 
Io theſe miſcellaneous 6 i to 7088 ſeve- 
ail particulars of Signior Beccaria's theory of electricity, I ſhall 
ad a {mall ne which, though they were baren before I had 


pci of dihiring a place of olaſs e bs a filken Mn 
withous giving motion to it; his being deſigned. to aſcertain the 
effect 


* „ L Os 
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effect of the diſcharge upon the glaſs, and Win reſpegting; the 
conducting ſubſtances; that formed the circuit. 


OcTonrr the 7th. To determine, if poſſible, he direction of 
the electric fluid in an electric exploſion, I hung. ſeveral braſs 


balls by ſilken ſtrings, and diſcharged ſhocks through them, 


when they were as much at reſt as I could make them; but : 


L could not perceive that any motion was given to them by. the 


ſtroke. _ Afterwards, I diſcharged a jar a great number of times 
through ſmall globules of quickblver, laid on a ſmooth piece of 


glaſs; but could not perceive, that they were driven one way 


more than another, though they were often thrown into diſor- 
der; probably by the en of the air, occaſioned * es va- 


cuum of the exploſion. | 


og a» +, << et 


I THEN placed four cork or AY "a and 3 — 
a ſtool of baked wood, with a piece of chain at the ſame diſtance 
from the outermoſt balls; and obſerved, that, upon every at- 
tempt to make a diſcharge, the two middle balls were driyen 


cloſe together, while the two outermoſt were each of them at- 


tracted to the piece of chain that was next to it. Then, laying 
a great number of bits of threads in the ſame manner upon the 


| tool, ſeveral of the pieces that lay near the chain ſuck to them, 


and a gteat number of thoſe il that gather in the middle were driven 


together in a heap. _ * 219W i | 
THe attraction to the 5 Fog 1 to _ säen) ok 


to: them by their connection with the ; jar, which would be great- 
Iy encreaſed by the attempt to make an exploſion; and the 


crowding together of the pieces in the middle of the circuit, I 
attribute to the current of air blowing them together from both 
the extremities of the chain. Thus part of the flame of a can- 
"Me next to an electtified N will be attracted by the power of 

electricity, 
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electricity. while the reſt of the flame will be repelled from it by 
the current of air. 

Turxsx experiments led me to make a diſcharge rod an 
inſulated bell, in order to obſerve in what manner it would be 
affected by the electric ſhock only, when it was not touched by 
any thing elſe. Accordingly, I made the diſcharge of the bat-- 
tery through it ſeveral times; and by each explofion it was 
made to ring, as loud as it could be made to do with a pretty 
ſmart ſtroke of ones finger nail. 

I Also made a diſcharge of the battery through the external 
coating of a glaſs jar, but without touching it with the diſcharg- 
ing rods ; and it plainly produced the ſame tone, as when it 
was rung by POUR. 


by 
Tu vm. 
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Viet EXPEKIIUIEN TSA RELATING To. CHARGING | AND 
HANGIN: GLASS. JARS AND BATTERIES, | | 


* 


8 ſeveral things have Send in the evurh of my expe- 
A. riments, relating to charging and diſcharging both com- 
mon jars and large electrical batteries, which I have not ſeen in 
the writings of any electricians; and as ſome of the facts are 
not eafily accounted for, I ſhall mention a few of the more re- 
mnnunle of them, juſt as they happened. 


Arni the 28th. As I was amuſing myſelf with h 


three jars of the ordinary fize, while they ſtood upon a metal 


plate on the table, with their wires at different diſtances from 


the ſame prime conductor, which was fixed on pillars of baked 
wood; I obſerved, that whenever one of the j jars, which ſtood 


next to the conductor, diſcharged itſelf, the others would diſ- 
charge themſelves too; though they were far from having re- 
ceived their full charge, being placed at a greater diſtance from 
the common conductor, and conſequently having taken but 
few ſparks, in compariſon of that which ſtood the neareſt. 

A VARIETY of experiments ſeem to ſhow, that, while a jar 
continues charged, the electric matter is continually inſinuating 


* a itſelf 


Sc. VII. ELECTRICAL. ExPI 0810 


| elf farther. onde farther into the Gobitince of the _ o FO 
the hazard of its e is the eue ſome t . the 
ging 18 over. 1850 lien 53 1% G nel 
| v the 26th. After having Mags . one jars t „ 
about a ſquare foot of coated glaſs, I let a | 
en a minute and a half, while I was adjuſting; ſome part 
of the apparatus, in order to make the diſcharge; When they ex 
ploded by the burſting of one of the number. I obſerved alſo, 
that the jar which was burſt was at a conſiderable diſtance from 
the place where I ſaw the: flaſh at the . * was MS ne 
through in two different places. e 
Fe the ſame reaſon, there is no 3 Wer jars, w lich 
have ſtood one diſcharge, will bear another equally high... I am, 
confident that ſeveral of mine have burſt with a nn leſs charge | 
than, they had actually held before. mY 
Jux the 29th. A jar of an ordinary Pit which. hack how. 
in conſtant uſe for ſeveral months, and which had diſcharged 
itſelf more than a hundred times without any injury, at length 
burſt, as I was diſcharging it at the prime conductor. The hole 
was at a different place from that at which the diſcharge was 
made, but this does not always happen. The tip of my little 
finger happened to lie very lightly on the place, and I felt it was 
burſt by a ſmall pricking, as of a pin, though the exploſion. at 
the conductor was nearly equal to that of any an diſcharge. 
The coating of a jar contiguous to. one, that is bucſt is always 
melted by the exploſion. | es 
- Jon the 25th. A ſmall thin hank, hi, had hoon, 3 
ſingly as high as it could bear, fo. as to have diſcharged itſelf, 
and alſo in conjunction with four others of its own ſize, burſt by 
a ſpontaneous exploſion, When it was charged n en 
with a battery. Ar EY 
Fr "Load 
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e, there muſt be x-diſchaige/at-mbre/ Places han ene 


have often found, to my toſt, that this event i: very 
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nt three quarters Jer er inch in me. 
INYGE WAS t 70 inches. A third 
2 of. a ſtor, more mall eracks 


there was hard! ode of the jars that was burſt With a fingle hole. 
ome were burſt” in ſeven or''cight e flaps of which 
remote from ben; bot 
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— ren barely viſible to the naked e at \ ome 


incheodiftance from the prine 2ipa hols, 
ope prone yr Ecderp made in We f 

r having a White ſpeck in the middle. Ohe of de was 
above the external coating, but not above the internal. 
„ RA p frequently bee much ſurpriſed at the . at 
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Wich! ſexetal of my jats would diſcharge themſ 


e hes ewe tg common. Thi 8 induced ne to ; ty | | 
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inthes bay — Foe 51 Git the coating away, 2 brought 


ie within two inches and a quarter FE the bottom; ; when it 
Rill 1-rerdived the ee property's and, at 7 it burſt 1 a 
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vhar 5 and two inches ud an Half 51 in e by i coated 


bf it omly one inch and a quarter from the bottom, and vet it 
Giſcharged itſelf very readily.” 1 afterwards, by degrees,. cut the 
coating down to little more that half an inch from the bottom, 
and ſtill the diſcharge continued to be made as before. This 


119110 property 
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property it retained au abe month-of- * 1. - followings. when 


it-was: broke by an accident. e n De 111 
AVR another blue jar, of; nearly the: fans, Gag wich = 
former, ee is almoſt full. of braſs duſt, but has no coating, at 
all on the outſide. Vet, if I ſet this jar upon the table, in con 
tact with > fingle piece of braſs chain, going quite round it, nd - 
lying upon the table, it will diſcharge itſelf the whole length f 
the glaſs. N. B. The manner in which the uncoated part of 
theſe jars becomes charged exhibits an exceeding, beautiful ap- 
pearance, eſpecially, i in the dark; the fire flaſhing from the top 
of the coating, in the form of branches of trees, firſt on one ſide 
of the glaſs, and then on the other, 4. groming. larger: and 
| larger till they go over the to :- 
I navs made ſome. experiments, to 4 Sk alas. x of 
glaſs may be charged, but I have not been able to aſcertain. this 
circumſtance with any degree. of exactneſs: I. only found, that 
I was not able to give the leaſt charge to a plate of glaſs half an 
inch thick, when. it was not war med. It was the bottom of a 
large glaſs tumbler ; but meeting with it only. upon a journey at 
the houſe of an ingenious electrician, I had no opportunity, of 
making many experiments upon it. I imagine that warming it 
C 7ould have made it capable of being charged. Glaſs 1 a en 
of an inch thick will hold a pretty good charge. 
Ma. KinxessLey's experiments, p. 400, leaving me no rea- 
= to doubt, but that Florence flaſks were capable of receiving 
charge like any other thin glaſs, which might be made a con- 
fl Ror by heat, I imagined. I could ſoon conſtruc a very ſtrong 
and. very cheap electrical battery out of them. Accordingly 1 
procured a few, for a ſpecimen, but was greatly ſurprized to 
_ that the electricity went through them, when os. cold, 
Reg ee throught a. Gove... vithout. mhkings ee r 
Sg : 
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was different 1 in different Balls. — ior 
t Mr. Canton, he informed me, that he had met wich mene 
and that the permeability of this kind of glaſs to the electric 


were exceeding difficult to charge; I had the curio 


preferably to any other. I afterwards took the | poliſh fro: 
| that part of the outſide of a jar that was above the coating, but 
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was eee to ſmall unvitrified parts which may be ſeen in 454. 
hought it might be of uſe to publiſh this fact, us it may pre- 
vent other um from —_ d: .- Inge in thi 2 ſame 
. it [01 ACT „M hk 
As glaſs had generally 12 — * it was ſmooth, a 
electrics which had the property of rough glaſs, when excited, 


what might be done with rough glg, itſelf. "Accordingly, I firſt 
made part of a jar rough, connecting the infide with tlie outſide 
coating; thinking that the roughneſs might poſſibly promote a 
ſpontaneous diſcharge; but I found it was not made in that place 


m all 


it was charged and diſcharged exactly as before. Laſtly I made 


a plate of glaſs rough on both ſides, taking off all its poliſh, and 


found that it received a charge as well as a ſmooth plate. 
Tux manner in which tubes and plates of glaſs have rollen, 


when I have failed to ſtrike a metallic tinge into them, by the 


diſcharge of an electrical battery, have ſometimes been attended 


with circumſtances "_ I cannot nm auen e. | en fol- 


lowing are the facts. wh 200; 
D8acamBER: the: 3d. eee to ow AN 1 OR 
3 flat piece of glaſs, it was broken by the exploſion, parallel to 


the line along which the metal r. at about an ieee, hut 


not where the tinge itſelf was. 1005 
I 3 _ Gn wipe of along: ak 
not in i een "where the tinge Was 


made 
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Expose benz, 


made, bat on the oppoſite: fide, which was Jhatteted- ab % 
pieces. The leaf gold had been bound tight to the glaſs, under 
a piece of paſte board, Which covered tlie gold, but not all the 
tube. Another tube alſo: was broken in large fragments where 
the metal had been put on, but into ſmall ſplinters on the 'oppow 
ſite ſide ; and for the ſpace of ſix or ſeven inches futther, it WN 
not broken pdt on r flees, this. metal, but, ns on the 
other ide. 51111 11 
Ar 3 time, i in laseempting the a alin in ascher | 
| glaſs. tube; the end of it, which was near a foot diſtant from 
| the place where the metal was laid, and which was a. wes 
racked in an oblique direction, broke off in round piece; 
As few experiments have been publiſhed about melting wires} = 
and procuring globules of metal by electrical diſcharges, and as 
ſeveral things have occurred in my attempts that way, which 
| perhaps have not occurred to other perſons, I ſhall mention a few 
of the-moſt material circumſtances. ' They will, atleaſt, ſerve 
as 4 « direQion to Ae who am be we gs to wenne the fame | 
4Þ was 8 4 to procure boch beautiful elbides 
of metal, mentioned, p. 276, ſome of which I had ſeen with Mr. 
Canton; and for that purpoſe. had made the diſcharge through 
ſmall wires laid in the bottom of china bowls, &c. but always | 
without ſucceſs. At length, I thought of incloſing the wires in 
ſmall tubes; and this expedient fully anſwered my purpoſe : : for, 
November the 12th. diſcharging a battery of thirty two Frakes 
feet through an iron wire incloſed in a ſmall glaſs tube, I found 
innumerable globules of the metal, of very different ſizes. The 
whole piece melted was about two inches. Breaking the glaſs 
tube, I found the inſide ſarface uniformly covered with thoſe © 
globules, and a black duſt, both fixed into the glaſs; fo "that 
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row won this inconven ence, Pp fixed nall 
cente at le: af | 8, aquarter of an. chen 
n e n erde — globules, 
— 5 black Bad, Which ſtuck very faſt to it, though the 
tal did nor ſeem to have penetrated into the ſubſtance of the glaſs. ü 
When the tube was broken, I ſcraped off part of the black 
kec hems a * ee my; 


| ne s BASE 
— wer this nn n w Juld x not obo y cloſely 
to a conducting eee as ĩt en the glaſs, 1 incloled. the 
it Water the diſcharge, it was f Saad oy arm) ae with. that 
black duſt, and the ſtain was every where indelible. Sparks of 
fire had been ſeen three feet from 4 ue of Le ok no 
part of the metal could be found. TT 
I TxzN confined the wire al, ming it tight i in ae 
Upon the diſcharge, a great number of ſparks were ſeen, for a- 
bout a ſecond of time, a quarter of a yard from the paper, Which 
was burned through in ſeveral places. Very few pieces could be 
found; but thoſe were pretty large and irregular. I now found, 
that, in order to produce theſe globules, the charge muſt be 
moderate, that when the charge was very high, the whole ſub- 
ſtance. of the wige was diſperſed in particles too ſmall to be found; 
and, on the other hand, when the charge was not ſufficient, the 
metal was melted into fragments 00 en to form themſe] ves 
into regular globules. | | 8 oY 
Wirx the ſame battery I once melted a piece of i iron wire one 
ſeventieth of an inch in diameter, when a . of it was thrown 
; une 
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* 11. 
quite Sers the table, to the diſtance of about fix feet; where it 


fell upon a bureau, then tumbled down to the ground, and con- 
tinued glowing hot all the time. At other times, ſparks from | 
melted iron have been thrown three yards, in oppoſite directions, 
from the place of the fuſion, and continued a ſenſible ſpace of 
time red hot upon the floor. | 
AT another time I had a very fine opportunity of obſerving 
what part of the conductors which form an electric circuit are 
moſt affected by the exploſion: for, upon diſcharging a battery 
of fifty one ſquare feet through an iron wire nine inches long, 
the whole of it was glowing hot and continued ſo for ſome ſe- 
conds; the middle part growing cool firſt, while both the ex- 
tremities were ſenſibly red. U pon examining it afterwards, both 
the extremities were found quite melted; an inch or two of the 
part next to them were exceeding brittle, and crumbled: into 
ſmall pieces upon being handled; while the middle part remain 
ed pretty firm, but had quite loſt its poliſh, ſo W it lookgd 
Suſe a before. 
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X "$.Lhaye TNT IY an dente battery et. onde V 
IId 
£5 greater force than e any of other that 1 have yet. heard of, and 8 
as 1 haye ſometimes expoſed animals to the ſhock of i it, and have 
particular] attended, to ſeveral circumſtances, which have been 
| overlooked, or .milapprehended by others ; it may not be i impro- 
ger to relate a few of the caſes, in which the facts were, in any 

reſ] ſpect, new, or worth notice. 2 

Juxx the 4th. I killed a rat with the diſcharge 1 00 two jars, 
each containing three ſquare feet of coated glaſs. The animal 
died immediately, after being univerſally. convulſed, at the in- 
ſtant of the ſtroke. After ſome time, it was carefully diſſected; 
but there was no internal i injury perceived, particularly no extra- 
vaſation, either! in the abdomen, thorax, or brain. 

Jux RE the 19th. I killed a pretty large kitten with the diſcharge 
of a battery of thirty three ſquare feet ; but no other effect was 
obſerved, except. that a red ſpot was found on the pericranium, 
' where the fire entered. I endeayoured to bring it to life, by 
diſtending the lungs, blowing with a quill i into the trachea, but 
to no purpoſe. The heart beat a ſhort time after the ſtroke, 
but Felpirativa ceaſed . ee eee 
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- Joxe' the 21ſt. I killed a ſmall ſhrew with the diſch: rge of a 
ny of thirty fix ſquare feet, but no other effect was perceiv- 
ed, except that the hair of the forehead was ſinged, and in part 
torn off. There wus no extravaſation any where, though the 
animal was ſo fmiall, and the force with which it was killed ſo 
great. This fact, and many others of a fimilar nature, make me 
ſuſpect ſome miſtake, in eaſes where larger animals are ſaid to 
have had all their blood veſſels burſt by a much inferior foree. 
Ix all the accounts that I have met with of animals killed by 
the electric ſhock, the victims were either ſmall quadrupeds, or 
fowls ; and they are all repreſented as killed ſo ſuddenly, that = 
could not be feen how they were affected previous to their expi- 
ration. In fomg of my experiments, the great force of my dats 5 
Wa b afforded me a pretty fair opportunity of obſerving itt a 
manner the animal ſyſtem is affected by the electric ſho 


2 
hich I have expoſed to it being pretty large; ſo ; 
udgement may be formed of their ſenfations, and 
n of the immediate cauſe of their death, by external 
ſigns. I do not pretend to draw any concluſion myſelf from the 
following facts. I have only noted them as nene as I could 
for the uſe of phyſicians and anatomiſts. ih 


Joxs the 26th. I diſcharged a battery of N eight ſquare. 
feet of coated glaſs, through the head, and out at the tail of 4 4 
Full grown cat, three or four years c old. At that inſtant, ſhe | was. 
violently convulſed all over. After a ſhort reſpite, there ame 

on ſmaller convulſions, in various muſcles, particularly on the 
ſicles; which terminated in a violent convulſive reſpiration, 299 

tended with a rattling in the throat. This continued five ahi 

nope] without any motion that could be called breathing, hut 
ceded by an exceeding quick reſpiration, which carts: 
W bs an HOW Towards the end of this time s, ſhe was 
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ble to mD fore: et, {9.0916 puſh herſelf back 
wits, on the or; I a. was not able to move her hind feet“ 

in the: leaſt, notwithſtanding the ſhock an paſſed. through, 
them. While ſhe continued in this condition. I. gave her a ſel; 


cond ſtroke, which rm ed, as before, with the violent 
convulſion, the eſpite, and 8 conyulſive n ms 
Which, after 3 about a minute, ſhe died. 


Bixe willing we bor onde. che fff. mach de. 
ock than that wich Kill e cat upon a large animal, I gave 
| an. exploſion. of fan. two-iſquarei cook of oated, glaſs to a dog of 
the ſize An, common cur. The moment he was ſtruck, which 
was on the head (but, not hav ing a very good light, could not 
tell exactly where) all his limbs were extended, he fell backt 
wards, and lay without any motion, or ſign of life, for about a 
minute. Then followed convulſion - but not very violent, in all. 
his limbs; and after that a convulſive reſpiration, attended with: 
a ſmall rattling in the throat. Ader four minutes from che 
time that he was ſtruck, he was able to move, though he did 
not offer to walk till about half an hour aſter; in all which time, 
he kept diſcharging a great quantity of ſaliva; and there was 
alſo a great flux of rheum from his eyes, on Which he kept put- 
ting his feet ; though in other reſpects he lay perſectly liſtleſs. 
He never opened his eyes all the evening in which he was ſtruck, 
and the next morning he appeared to nt "_ ins though. 
ſeemingly well in. Ever: other reſpect. ee * 
Havine: diſpatched the dog, by Maste ker bg e 
binder part af his bead, I examined one of his eyes (both of 
which had an uniform bluiſh caſt, like a film over the pupil) a” * 
wanne all the three humours perfectly tranſparent, and, as far as 


1 in oſs Kant min r. "oy cornea” was 
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bre und 267-ttbi30mr 2 t 
0 t, 1rhad-imagined,..that-animals ae, 
htning had — enena, on account of 
Bon which. is ſeemingly” given to the nervous ſyſtem 
by he clearic ock; whereas this caſo Wa evidently an in 

-CANONEQ by the ex plono being made ſo near the 
e 5 cho 160 rev 


Arokb. os emi ani nearer to; one pecan the' other. 10 
| intended ey give the froke besann uch, abo 
— er 8 gets of e 
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_ its. eaten Pars and 1 r &itume ima 
: of 0-oxcondudted. enfil 
ina from various. -arkbtalige and pie ges 
of muſcular fleſh, of the. ne. ſize. on and in various 
Nates.of moiſture and dryneſs, 
ed with eee accurate abe condi 
yet been: condriveds. | Þ eee t, i &; aten 


bene dock from fix qu: 

of the heart,, might. be len- Ti xecei ing the itroke . 
lungs were inſtantly. inflated; and, together with the other. 
contents of the thorax, thrown quite out of the body. The 
heart Pieter, continued to beat, though "ory languidly, and 
5 there 


i ttt no oth ] 
that, a motion was firſt perceived under its Jaws which vu pro- 


| paguted, by degrees, to the im 
the creature ſeemed u if it Would have! come to life, if it had 
' went out ate hind fer 1 eee 7 5 
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remained ſhrivelledup/in-# moſt furpriing manner. For about 


dle, antended with convulfve moti 


— the moiſt 
cover their body, and which might ttanſmit 4 good part of che 
ock; and partly to that proviſion in their conſtitution, where - 


this, 1 would heve given the ſhock! 10 tos 
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momentary diftention of alF the muſtles' of the body, A. 
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4 no ſigh of life; and the potſarion-of 
| could not be felt wick the finger. But afterwar 
fi firſt 2 4 motion under the jaws, then all along tl 

zotions'of the other ee 
t an hour, eee eee ws, 6 8 Fe 
— ere che lama Grohe ud ene. 0 


n. eee ae 
ire, 2 to 


y oan ſubſſt a long time without breathing. To aſcertain 
, ſetpents, "fiſhes, 
&. and various other exanguious animale, but I had not an 
opportunity. Beſides, it is paying dear for n e ie 
n at eee eee homanity. PANDA 
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N the courſes of experiments with whit 


preſent the 
following ſections, I can pretend 


| of merit. 1 was  unavoidably led to them in the uſe of 
A very great force of electricity. The firit new appearance was, 
in all the caſes,” perfeQly decidental, and engaged me to purſue 
the train; and the reſults are ſo far from favouring any particular 
theory or hypotheſis of my own, that 1 cannot perfealy recon- 
eile many of the various phenomena to any 
85 © Pon the firſt of my giving any particular attentive lec 

trical experiments, 1 entertained a confuſed notion, that a per- 
fon would fand the beſt chance for hitting upon ſome new 
diſcovery, by applying a greater force than had 
uſed.” Conſidering the prodigious number of electrical machines 
that were in the hands of ſo many ingenious men, in different 
parts of the world; 1 imagined chat all that "could be done in 
little had been tried; and that the uſual experiments had didk 
Civerfified and combined! in almoſt every method Fade; where - 


*bitherto been 
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as, ſine e ttesl machines, 1 obſerve a, had, of 11 years, 
Wen gradually reduced into leſs and leſs compaſs, a great power 
of electricity would be almoſt a new thing, and might therefore 
ſupply the means of ew experiments. Even Dr. Franklin's 
force, 1 conſidered, was ſmall, in compariſon of what might 
; a be raiſed, and without a very great expence. 
Wrrn theſe general and random „ gong 1 kept gradu- 
ally increafing my quantity of coatet got a batte 
of thirty, fotty, fixty, and at length neat coiphiry: ſquare feet; 
and the reader will, in ſome meaſure, have ſeen already, that 
1 was not wholly diſappointed in . The following courſes of 
experiments are more remarkable inſtances of the ee [ 
derived from this power of electricity. 
Tux firſ remarkable fact that I was by this means jor to dt 
8 * is ; that. of the circles with which pieces of of metal that x re- 
eive electrical exp lofions are marked, 4 ſhall fai ithfully relate 
all the circumſtances, and varic ies in which Abe been b 
ed, and che obſervations I have made upon it ; and this I c cannot 
r than by writing the A in wy, order in Which 
the appearanges cecurred ii. 
Jun the igth. 1766. After diſcherging 2 battery, of about 
forty ſquare feet, with a ſmooth braſs knob, T accidentally ob- 
ſerved upon, it a pretty large circular Hot, the center of which 
aed to be ſup all melted, in a great number of dots, 
4 rn al the. .center, and ſmaller at a diſtance, from 5 Be- 
vondi this central ſpot vas a circle of black duſt, which, was cafi- 
= wiped off; but, what I was moſt ſtruck with was, that, af- 
ter an interruption of melted places, there was an entire and 
xa circle. of ſhining. dots, confſting of places ſuperficially 
melted, like thoſe at the center. The appearance of the whole, 
excluſive of the black duſt, is append, | Plato i i. ig. 5. No. 1- 
JuxE 
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ons the 14th. I took. the ſpot upon ſmoo 1 pieces ofllead, and 
blxer. It was, in both caſes, like that on the braſs knob, only 
the central ſ pot on the ſilver conſiſted of dots diſpoſed with the 


utmoſt exactneſs, like radii from Jas anten ar a cirele, each of 


Chich terminated a little ſhort of th 


"ExAMIniNnG/ the ſpots with a ns both the mining 


| gots that formed the central ſpot, and thoſe which formed the 


external circle, , appeared evidently to confiſt of cavities, reſem- 
bling thoſe of the. moon, as they appear through a teleſcope, 
2 ner nt into nn. when his were held i in 
i Tus moſt dea 
a they which I took on a yall wank AY Beſides the ie 
there were, in ſeveral places of the ſpot, hollow bubbles of the 
metal, which muſt have been raiſed when it was in a ſtate of 
fuſion. - Theſe looked very beautiful when examined with a mi-+ 
croſcope i in the ſun, and were eaſily diſtinguiſhed from the cavi- 
ties, by having their radiant points (which were very remark+ 
able, and dazzling to the eye) on oppoſite ſides to thoſe of the 
cavities, with reſpect to the fun. The whole progreſs ſeems to 
have been firſt a fuſion, then an attraction of the liquid metal, 
which helped to form the bubbles; and laſtly the burſting. of 
the bubbles, which left the cavities. N. B. By this exploſion 
balf an inch of a ſteel wire, one ſeventieth of an inch, i in diame- 
ter, was melted, and entirely. diſperſed. In the diſperſion, 
ſparks of it were ſeen red hot, aboye half a yard from the place 
where the wite had lain. This circumſtance I have frequently 
obſerved ſince. I have alſo ſeen ſuch ſparks fly from large braſs 
knobs, at the inſtant of ſeveral exploſions. 
I roox the ſpot upon poliſhed pieces of ſeveral EY wich 


ts of the ſame battery, and that the n in 
vo: + g# 4 84641 (LOKI ak 14 HS 5.4.54 3. 5 "wo 


= } g 
* 


IRCLES' MADE” BW Pant VI. 


them were ſome of them deeper chan ations} as 1 tho Acht, 
e _ I's, 697 69%. Mp withy ere ee tin, te 
1 n not bs very peace as to the ordet 61 ford of the me- 
a but filver was evidently not affected a fourth part ſo much 
as gold, and much leſs than any of the others. The circles were 
marked as plain, but the impreſſion was more ſuperficial.” Qu. 
Is this owing to the heat being ſooner diffuſed equably through a 
piece of filver, than through the ſubſtance of any other metal? 
. I:THovGHT there might poſſibly be ſome difference in the cir- 
cles on metals which had been a long time in a ſolid form, and 
thoſe which had been lately fluid; and to aſcertain it, I made 
the exploſion between a piece of lead juſt ſolid after melting, 
and another ſmooth piece, that I had kept a conſiderable time. 
The piece of freſh lead was melted more N = 8 880 but 
there was no other difference between them. 
Tux ſemi-metals, as bi/muth and zink, received the FRO 
impreſſion as the proper metals; ; ee melted about as much as 
n. 
I MADE FOR ki ene a piece of highly poliſhed 
: ſteel, and a piece of very ſmooth iron; and in all the caſes 
thought the ſteel was more deeply melted than the iron. I men- 
tion this experiment more particularly, on account of the ſingu- 
lar, and beautiful appearance of the circular ſpot upon the ſteel 
in two of the diſcharges. A circular ſpot, of about an eighth 
of an inch in diameter, was uniformly melted, and pretty well 
] defined; and there was a ſpace round this central ſpot, of the 
1 ä fame breadth, uniformly filled with ſmall melted places; but in 
one of them twice as large as in the other. They exhibited the 
exact appearance of a planet ſurrounded by a denſe atmoſphere; 
n think, I remember 4 nas. AA in the _ 
e + : O 
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of Burnet's-theory of che ni The other circle pop the: ical 


was a common one. % 
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Wuer the kitten — was killed, 8 was no 
circular ſpot, or any fuſion on the braſs knob. I have always 
| ſony It _ may perfect, when the circuit has been . 

f the beſt conductors, and had the feweſt intervals. 

th. Hanging the caſe of one watch upon the bras 

| knobs communicating with the inſide of the battery, and receiv- 
ing the exploſion from it upon the caſe of another watch, which 
was ſometimes of the ſame, and ſometimes of a different metal, 
and meaſuring the circles afterwards; I found them to be very 
nearly of the ſame diameter. The ſmall varieties ſeemed: to be 
accidental; or at leaſt did not depend, either upon the metal, 
or the direction of the electric fluid. But I thought it pretty 
evident, from a great number of experiments, that the metal 
which communicated with the outſide of the battery, and which 
I held in my hand to take the On was marked the more 
_ diſtinRly of the two, 
Ir ſeemed that, wha: the "evan Was 1 very high, thn 
enden ſpot was the moſt irregular, many. of the dots which 
compoſed it ſpreading into the outer circle, and ſome dots ap- 
pearing beyond the outer circle, and very much effacing it; fo, 
that the beſt way to procure a diſtinct circle, is to take a mode- 
rate charge of a very large battery. This may be the reaſon 
why the outer circle cannot be perceived, when only ſmall jars. 
are uſed ; the circumference of the circle being very ſmall, and 
the charge generally too high. In a very weak charge, it is too 
faint to be perceived. I have ſometimes, however, ſeen a very 
diſtinet circle made by only two jars, each nn half a 
ſquare foot of coated glaſs. . | | 

Tux diameter of the ſpot ſeems to depend v upon the quantity, 7 
40 04 %: cob, A bao} bas div nota! LY 
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oportion, I mon not t yer ces. 
13 AY 6 £5 Wann oe d % 
I uAvE obſerved a good bea of variety in the n viities. 
Sometimes they have conſiſted of pretty large dots, . 
nearly equal diſtances, in an exact circle; pc not in che F ace 
betwixt each large dot, was « feen * ſmaller 
8 0 Aa nee ped * keen. the 
drawn through e wiag of + them | makes a pretty 
round the central ſpot. f nin aint de gc 14.9517 
*"PRUCONDLY' med 1 bad obſerved the fingle circle, I imagi 


| ape, but that two or more concentric e might be 
i To cured, if a greater quantity of ae um uſed, or per- 
at ps if the exploſion was received upon metals that were more 
eafily fuſed than brafs. F Accordingly, June t e 25th taking the 
moderate charge of a battery, confiſting of about Ry 8 0 
ſquare feet, upon a piece of tin, I firſt obſerved: 
circle, at the ſame diſtance from the firſt, as the W was from 
the central fpot. It conſiſted of very fine points hardly viſi- 
ble, except when held in an advantageous light; but the ap- 
earance of the whole was "ory" wo pea ach as « Yn 
ed, The? ig; 5. NU. .. N 
Jvns the 28th. I got "I double cir, on a \ flat pewter 
fandiſh, much plainer than the former outer being about 
the ſame diſtance 'from the nes as the inner was "amy" the 
outſide of the central ſpot. Rel | 
Have hitherto found ee th cho + diſtin on me- 
tals that melt with the leaſt degree of heat, I ſoon after procur- 
ed a piece of that compoſition which melts in boiling water; and 
Having charged” Gixty' ſquare” feet of coated glafs, I received the 
exploſion with it, and found, what I was endeavouring to get, 
-, three 
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three toncentric rircles; the outerm oſb of ' which was not quite ſo 
far from the next to it, as that was from the innermoſt. \Albthe: 
ſpace within the firſt circle een but the ſpace wa: 5 
well defined, and by no means like a centtal ſpot, which in 
this baſe was quite obliterated. The appearance: of | theſe three: 
concentric: cireles is repreſented, Plate i. fig. 8. Nb. . D 

nave. ſeveral times fince found parts of three concentric 
circles upon braſs knobs, when I have uſed no more than thirty 
ſquare feet of c coated glaſs. They ſeem to be more eaſily per- 
ceived, when the knobs are a little 1 for then the 
ſmall dots, in which the metal is melted, are more caſily diſ- 

in eſp e eee ee e 


IMA many at 8 eee ales ae than I SA 
uſuallyfound — upon pieces of metal, 'chiefly by means of 
worſe conductors; 3 thinking that the electric matter not being ſo 
well conducted, and paſſing with leſs rapidity, would ſpread 
wider. This was probably the caſe, but then it is likewiſe pro- 
bable, that I wanted force to make ſuch an impreſſion viſible. 
For this purpoſe, however, 1 received the exploſion between two- 
pieces of raw fleſh,” two potatoes, two moiſt bladders, and things 
of a ſimilar nature, but without any effect whatever; no. mark 
at all, or, at leaſt, nothing regular remaining upon them. When 
1 took the exploſion upon a piece of wood charcoal, it ſeemed to 
be melted, and run in ſmall heaps, within the ſpace of about 
ide uſual diameter of a circular ſpot ; and When L took it upon a 
piece of pit charcoal, a piece ſeemed to be ſtruck out of it, and 
à hole was left in it; but there was no regular circle upon either 
1 of them ; nor was there any ſenſible ignition in either caſe. 
b. Ar ont time 1 laid a piece of lead ore ſcraped very b 
0 Jen tie res of the, battery, and took the. fion with 4 
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- a raped in the dame atiner al bas though. 1 AY 
mined the places v à microſcope, I could not be ſure that 
there was any part e much leſs any regular circular ſpot; 
but there lay on both of them a yellow matter, like, ſulphar, 
round the place where the exploſion was en onde * 
greeable ſmell was excited. This ee ſe from 
mixture of the fulphur of the lead | ore, 
tine. „ ausn 
_ - I RECEIVED the e | in vacuo, at the diſtance of a how; 
three inches; but found no regular circular ſpot, owing, . 
bably, to the two interruptions I was obliged, in this caſe, to 
make in the circuit, one in the air, and the other within Hy 
receiver; by means of which the effect of both would be weak-. 
ened, the whole force being, as it were, divided between them: 
for in all ſuch caſes, though both the e were e in 
the open air, 1 found the cireles leſs petſece. 
ArrERwARDS, I contrived to make the 3 in one ad- 
ditional atmoſphere of condenſed air, but the circles were ſmall- 
er, and leſs diſtinct than the other two circles, which I was 
abliged, at the ſame time, to make at the other interruption. of 
the circuit, in the open air. The denſer air would probably 
confine the electric matter within a narrower compaſs; in the 
ſame manner as the common air eee that diffuson of it en 
is remarkable i in vacuo. | les ii alot: 
Tux diſtance at which the diſcharge 1 was 4/040 a . no 
difference i in the diameter of theſe circular ſpots. When, by 
putting a drop of water upon the braſs rod communicating with 
the inſide. of the battery, I made the diſcharge at the diſtance, of 
two inches, the ſpot. was juſt the ſame as if it had been received, 
as. uſual, at the diſtance of half an inch, i. e. cant a daten 
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wo? aaron: that af the exploſion was obliged to 1056 
hrough any bad conductor before it reached the metal, the im 
preſſion it made upon it was contracted, and deeper than if ithad 
been received immediately by the metal. This was evident 
when paper, a piece of bladder, or /varniſh. were put upon the 
braſs rods with which the diſcharges were made; though a very 
thin coating of varniſh or- moiſture did not A ee * 
enn. of the circles. 

Il making a courſe of experiments with bad e 4 
in uſing various methods to promote the diſcharge of the battery 
at greater ede than uſual, I was peculiarly ſtruck with come 
phenomena which occurred in the uſe of water.. 
I rur a drop of water, about a quarter of an inch in Abi 
upon the braſs rod communicating with the inſide of the battery, 
and took the exploſion directly over it. The diſcharge was made 
at the diſtance of about an inch, and the extremity of the drop 
was marked with a moſt beautiful circle, exceedingly well defined 
on the inſide, and ren gradually outwards, like a fine 
ſhade in drawing. But what ſtruck me moſt in the appearance 
was, that, in this circle, there was no central ſpot. A 
Nor knowing what this new circumſtance was seg to, 1 
wetted a piece of ſmooth copper, which lay upon the wires of 
the battery, and taking the exploſion upon it, I only found a 
long ſtreak at the edge of the wetted place, well defined on the 
fide of the water, but vaniſhing gradually on the oppoſite ſide, as 
in the former caſe. In this, and other ſimilar experiments, = 
obſerved that the electric matter avoided the water, and ak Ty 
89 a greater way in the air, in order to come at the metal. 
I THEN laid more water upon the copper, but ſo. as only. to 
moiſten. i it; for the ſurface, being convex, would not allow it to 
Agi in any great quantity; and vpon. taking the exploſion, I found 


increaſed — —＋ — de ſſions 
metal an ferben it had paſſed only through he air, in like res IN 
ner, if two pieces of metal be placed, nearly in contact, or if 
they be light, and one n. lie upon the other; the impreſ- 
on made upon both of them, by the diſcharge of the battery 


paſſing through init ill be .confiderably deeper, than it 
would have been if the electric matter had not 1 bg eee to 


ee ere as the eee eee 


thing ee ck mn but the POR dfition of the elaſticity 
f. the electric fluid, whereby its particle en one another. 
For then, ſuppoſing a quantity of electrie matter to iſſue from 
one piece of metal to another, through the air, it will endeavour 
to ſpread, but will be confined in its paſſage by the ſurround- 
ing electric medium, and the ſtrong attraction of the oppolite 
metal. If this piece of metal have a flat ſurfa de, or one that is 
nearly fo, the fluid will be attracted by it pretty equally, within 
a certain ſpace ; ſo that the mutual repulſion of its particles wil 
have room to. exert itſelf, and produce a diviſion of the whole 
quantity; and as this repulſion is the ſame in all directions, the 
effect muſt be its throwing itſelf into a circle, or ſeveral con- 
centric circles, on its entering the oppoſite piece of metal, and 
conſequently melting it, in that form. For the ſame reaſon the 
cireles themſelves will conſiſt of ſeparate dots, each of which 
mig 28 deen e wy the 4 in er hollow circle, 


but 
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Or s being formed in ables manner; 1 10 b in 
«manner an oo witneſs, when I have. preſented a flat piece of 
rge prime conductor ſtrongly electriſied, and have 
ks, five or ſix inches long, divide about the 
middle, and-firike. che metal in a circle, about an inch in diame- 
ter; generally with a central ſpot, but ſometimes without one. 
Tux manner in which ſeveral of the jars, mentioned in a form- 
er ſection,” were broken ſeems. to be analogous to the formation 
of theſe circles. I mean thoſe that were pierced with a number 
of ow holes in the neighbourhood! of the principal one; but 
ectally that which was broke with an intire circle of 
ndent fractures round the principal hole. 

a ble ſtory of the five peaſants. of whom the firſt, 
third; and fifth were killed by lightning, as the were walking 
in a right line; and which was mentioned before, as analogous 
to a fact obſerved by Mr. Monnier, will perhaps be thought 
more analogous to this. For ſuppoſing the diameter of the con- 
centric circles formed by lightning to be ſufficiently. great, and 
the central ſpot to fall upon the third perſon, the two on each 
ſide of him would eſcape, by being in the firſt interval round the 

central ſpot; while the two who walked firſt and laſt would fall 
into the circumference of che firſt circle. But other facts lead 
me to think, that all theſe. effects may, have been produced by a 
conſtant ſtream of electric matter, in a, progreſſive motion, the 

firſt part of which being diſcharged upon any object, the ſtream 

is weakened when it meets with the ſecond, but is accumulated 
again when the third comes in its way, and ſo alternately, as 
long as the ſtream and the line of objects continues. This ac- 


n ſeems to be rendered more probable. by the number of ob- 
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which is related we Dr. Wallace i in "dy account of the Orkney 
illands, p p. 78. In the year 1680" "he ſays, „ the lightning 


2 ers fag bs — _—_ RO where pos pans wan | 


| ' «that fix were — and fix r@nainec 8 2 ahtouched.”. 
5 CoMmounicATING this experiment to Mr. Price, he ſuggeſte 
tor me, that _— eireles called g 3 which confiſt 
; knsgined to be been Oed an eleniag mig 
the circles above-mentioned, but that they want a [Sama e 
I have ſince examin d one of theſe rings. It was about a yard 
in diameter, the ring itſelf about a quarter of a yard broad, and 
equally fo in the whole circumference; but there was no e. 
ance of any thing to correſpond to the central ſpot. N 7 
I HAvx ſince met with a curious article in the Philoſophical 
Tranſactions, relating to thoſe fairy circles, communicated by 
Mr. Jeſſop, which confirms the ſuppoſition of their being occa- 
ſioned by lightning, and with which 1 a ee conclude 
this ſection. | | 
„IAE often been Wb to give an aceount of thoſe . 
« nomena, which are commonly called fairy-circles. I have ſeen 
7. many of them, and thoſe of two ſorts; one ſort bare, of ſeven 
6 « or eight yards diameter, making a round path ſomething more 
« than a foot broad, with green graſs in the middle; the others 
« like them, but of ſeveral bigneſſes, and encompaſſed with a 
e. circumference of graſs, aboutithe fame breadth, much freſher 
4 and greener than that in the middle. But my worthy friend 
« Mr. Walker, gave me full * from his own experience; 
; 12 it 


——— e 
ON 


4% graſs 


7 
- - 
. 
Fg 
* *. 
" 


. EXPLOSIONS; 


635 


« jt was his chance one day, to walk out among ſome mowing 


(in which he had been but a little while before) after a 


| great ſtorm of thunder and lightning; which ſeemed by the 
«© noiſe and flaſhes to have been very near him: he preſently 
« obſerved a round circle, of about four or five yards diameter, 


« the rim whereof was about a foot broad, newly burnt bare, as 


« the colour and brittleneſs of the graſs roots did plainly teſtify. 
He knew not what to aſcribe it unto but the lightning, which, 
4 beſides the odd capricios remarkable i in that fire 1 in particular, 
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; and burn more in the extremi e middle. ter the 
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60 green in the lv en thai in the middle, and at mowing- 
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might without any wonder, like all other fires, move round, 
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| EXPLOSION. DISCHARGED. THROUGH, WO $..CHAIN, 


AND OTHER METALLIC SUBST ANCES, . 
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very Black es or 4% to to tells 1 upon every diſcharge, even 
when no wire was melted, and the braſs chain I made uſe of 
was of a conſiderable thickneſs. Of this circumſtance, however, 
I only made a flight memorandum, as what I could not then ac- 
count for, and paid no particular attention to it; till on the 
13th of June 1766, I was ſtruck with another caſual appearance, 
as I was intent upon the experiments ag he to the circles 
above-mentioned. ; 


I oBSERVED, that a piece of white paper, on which lay the 
chain I was uſing to make the diſcharge, was marked with a 
black ſtain, as if it had been burnt, wherever the links had 
touched it. Vet I could not then think that it could be burnt 
by ſo thick a chain. I imagined the chain muſt have been dirty, 
- the dirt have been ſhaken off by the ſtroke. Still however 


negleGed | the experiment till, obſerving a very ſtriking ap- 
"Ry of the ſame kind, on che Iſt. of . following, 
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more particularly than I had done. 1 
Ira my chain very clean, andd Ae 0 400 in u bi p em 
I made a diſcharge of about forty "ſquare: en a rei 


I was determined to attend to the circu ſta ' 


found the ſtain wherever it had touched the paper. 
ne after, wrapped: the paper, in the Game: manve 


round a piece of braſs Nite; hut, making la 
ſawy no ſtain. Tot aſcertai 
upon the diſcontimuity of the metallic cireuit ; on the 13th. of 
the ſame month, I ſtretched the chain with a conſiderable weight 
and found: the paper, on which ay as be g hoc nenen 
it. hatdl marked at all. c © nie HASTE e l 105 
Fm _—_ defences os, te diominaiy, 1 jd x tl 
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Dan 


s a 


ck thro ugh the links ;/and yrhen- ang 
ret that the black ain 
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ane Matti? 2 911 © 2 tt H vie "4 8 2 
Sry the 18th. Obſerving ti 


)bfer ain CER e NIE 
that dead 0 chain, and not to the intervals, as 20 wool . 5 


W rhether this appeatance depended | 


2 a een 


quantity of black matter was left upon the paper, on every (diſs 


_ charge-withcthe fame. chain ; I ame vn bave 10 enden 


cir 


by the operation, and to aſcertain 


-CIT 


- five feet four inches long, and weighed 05 


ſaund it had loſt exactly half a grain of its weight. The ſhock. 


had only paſſed through'a part E its, the reſt. lying on a heap. 


Fes 


I then diſcharged the ſame ſhogk through its whole. length, and 
weighed. it, found: it had loſt juſt. another half grain. By te- 
peated experiments I found, afterwards, that the ſureſt way. te 
ſtrike off part of iu wrist. w eke ae pals 
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another chain not ſo thick as chat I had uſed roving 3 
cactly one ounce, ſe- 
venteen penny weights, n grains. After the diſcharge, I 


22 11 hee cata x conſiderab 
vas uſed the event was uncertain? by 1 ned y lug! 2180 $10 
90 NA Wid-Tuxek gend all e 

where the contr re | 
thirty tevo ſquarefett, that force appearing to be ſafficient; - 
2 ng of t not taking up much timel Atithe time of both 
aentionec wee, wee er e e 


| - Onsnnvinothow deep a — wen by We Enki of thick 
biaſvchiin; Ihad the curioſity to try hat would be the con- 
ſegquenoe of ſending a ſhock xhirough A piece ef charcoaly"! Ac- 
cordingly I took a ſmall Piece. about Half an inch. in length, 
and found thaty inthe! diſcht arge it was alk blown to duſt: The 
paſteboard on f the al being forced 
; ee e eee eee an Ae ähäg As The 
blackneſs was ſpreat to a great diſtance, and the tinge every 
where indeligle. tm act 03 10 bits lis do ad: bann nad? 
SerTEMBER the 21ſt. In making the mark above mention 
on part of che ſheet of paper, on which. I had written an 2ecour 
of the expetiment to Dr. Franklin, I happenad: to laycthe nhain 
ſo as to make it return iat a Harp angle, in order totĩmpreſs the 
form of a letter on the papers and obſerved that, upon the difs 
charge, the patt of the chain that had been doubled) was diſ- 
placed; and pulled about two in ches towards the reſt of the chain. 
Krahl d, vas Kir 7 ile. „ 1 4 chgughe" it, thy lo, bet it could 


e ee 4 ol 1 5 | | 

| laying' it double all the way, and making it return by a very 
ſharp angle. The conſequence al ways was, that the chain was 
ortenel about two inches, and ſometimes more; . if a ſud- 
_"_— had been given'40-it by both the end. 
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639 
* han this pol hut "WM thaw: giren to it by 
| the ſeveral links ſuddenly. repelling one another; at the inſtant of 
the exploſion; Lcompared the links with the black marks that 
were made by them upon the table, and found that each link | 
| had, been: pulled from the place on which it had lain and moſt 
of all, at the greateſt diſtance from gn the exploo n. 5 
Lonyinenh that the chain had been ſhortened by the mutual 
repulſion of the links, I endeavoured to meaſure with exactneſs 
how much the ſhortening was, in a given length of chain. To 1. 
do this, I meaſured two feet four inches of the chain, as it lay | i 
upon the table, in one ſtraiglit line, without any return, one |. 
end being fixed and the other moveable; and found that, upon „ | Ut 
diſcharging ſixty four ſquare feet through it, it was ſhortened a 1 — i 
quarter of an inch in its whole length. I had conttived that the * — |} 
ſuddenneſs of the motion MY not t throw: eee of the chain | ol 
upon the other.. 569 05 | if 
.*'SUSPECTING: that the — 5 5 which roſe at very! dis- | — 11 
charge, might come, not from the chain, but from the paper, 9 | | 
or the table on which it lay, and which was probably burnt by | 
the contact of it, I let the chain hang freely in the air; but, upon 1 
making the diſcharge, I obſerved the ſame black groſs ſmoke Ib j 
that had before riſen from the paper or the table. It was there- 1 
fore part of me mn inlelf, which had been converted into r | — 
black duſt. 03 ann een uh en hn SIEF. 145 Þ# 1 | 
To give my Fe a better idea of hs mark made upon hits 3 
paper by a chain, through which the electric ſhock i is tranfmit= _ - 
ted, I laid a chain upon the original drawing of Plate I. for the al | 
engraver to copy as exactly as he could; and he has ſucceeded | | 
pretty well. The breadth of the fpots are-about the mean thick- Gn = 
oy af "he wire of the chain. and . a mate th het — ne 
3 —_— A b LA which | 
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_ 6 * - 
* 7 * 2 a © OY DJ — 
o 


ngohteft et the bottom, and — pin: ? wards the 

5, wh were fcarc cely viſible; the weight of the lower 
7 dught ſo much nearer together e ie b 
-{'SEPTEMBER: the zöth. Subel haber the 
blackneſs, that was left eee eee als im the burning of 
the papet, or ſome thing that was thrown. from the chain; Ion 
more hung the chain freely in air, and put under it, but ſo a 
not to touch it, a piece of white paper, on which: I: alſo laid a 
fe pieces of down, to obſerve whether they would he affected 

by any electric attraction or repulſion. On making the diſchatge, 
the down was all diſpetſed, and the paper was marked with a 
black ſtain, near the length of an inch; which was the diſtance 
at which the two patts of the chain hung fiom one another, a 
little above the paper. Some parts of the ſtain were deeper than 
others, .the;wholecorckicontifing of four different ſpots! of a 
deeper black, joined by fainter ſtreaks, anſwering to ſour links 
of the chain, which hung nearly parallel to the paper. The 
ſtain could not be wiped off with a andes chief, though it was 
nat ſo deep as hen the chain had touche 
was ſatiafied, that a.confider hls daß at 
had come from the chain. oth l c e e Go ol tours 
SEPTEMBER. the 27th..." Vil F 2 more ex yo Aly 
what part, of the chain, the ſo Glad links, or the iateryals, was moſt 
andre by the thock ; * dipped it it in water, and laying i it quite 
wet 


se. 641 


wet 9 a piece 6f hire per, diſcharged a ſboek: through it. 
. of the water was thrown into my face, being ſcattered in all 
directions, and all the chain left inſtantly and perfectly dry. The 
eb wh much ſtained for the ſpace of an inch broad, 
abbot the chain lay; not equably, but as if it had been hand- 
ed with dirty been The ſtain was indelible, and where 
the ways was returne d, a . Was _ "_— hg ju 


* - 1 - 


1:"FY terns er the paper, in the 3 
MR des, bad really been burnt, as well as ftained. I laid a part 
of the chain, at the time of the laſt diſcharge, upon three half 
crowns; and found they were all melted, in the places where 
the chain had touched them. The marks made by the fuſion 
were about the breadth of the chain, and ſo deep t ay: rome: 
but a tool could efface them. | 
To determine, if poſſible, more | ſenkbly. OOTY "wp was that 
made the black tinge, J laid the chain upon my hand, when 1 
had a moderate charge; ; and it was marked juſt like the paper. 
1 felt a kind of pricking or burning at the inſtant of the AP a 
ue? and the painful ſenſation continued a ſmall ſpace of time. 
*Þ MADE no doubt but that with a heat that melted metals, I 
; could eafily contrive to fire gunpowder ; ; but, though T laid the 
chain upon the grains, and rammed the powder about the chain 


put through a quill, I could not ſucceed. In the firſt caſe, the 


powder was diſperſed ; and in the ſecond, the quill was burſt, 
and there was a ſmell, as after an ene of ere, but 
no actual firing of it. 8 

HirnERTO I had always put 0 chats in conta n bodies 
that 1 were conductors. I was now willing to. try what would be 
the conſequence of lying it in contact with electrics. Accord- 
mgly, I rer the chain in meltgd roſin, till it had got a coat- 
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ing ur a con Gderable thickneks 
it carefully, without ber 
diſcharge through it. The woa d was oſt y £ 
the outſide of the chain, it being left as clean as if none had ever 
been put on. That with which the holes in the chain had been 
filled, having been impelled i in almoſt all directions, was: beaten 
to powder; which, however; hung together, 
opaque ; whereas it had been quite tranſparent, before this Rroke. 
I felt ſome of the roſin fly in my face. The ſtain upon the paper 
was very deep, containing a good deal of roſin, and ſeveral holes 
were ſtruck through the paperon which it was laid. Ahalfcrown, 
on which part of the chain had lain, was melted, and ſo deep- 
* ſtained with the roſin, that it could not eafily be cleaned. | 
 I'nexr laid the chain upon a piece of glaſs 3 and 3 
How both the half crown and the roſin had been affected, ex- 
pected it would have been broken to pieces; but inſtead of that, 
the glaſs was marked in the moſt beautiful manner, wherever 
the chain had touched it; every ſpot the width and colour of 
the link. The metal might be ſcraped off the glaſs at the out- 
ide of the marks; but in the middle part it was forced within 
the pores of the glaſs; at leaſt nothing I could do would force it 
off. On the outſide of this Salli, tinge WAR. 10 DIA bel. 
which was eaſily wiped off. 
I nave fince given the ſame tinge to glaſs ae a ei chain, 
and - ſmall pieces of other metals; but could not do it with 
large pieces. They were melted where they touches one ano- 
ther, but the glaſs was not tinged. | 
Oc rokxx the 7th. I had the curioſity to arch e I cad 
not Wr a tinge to glaſs with quickſilver. In order to this, I laid 
ſome globules; ip a right line, and laid a thin piece of glaſs upon 
them, to flatten them, and bring then nearer into contact with 


_— 


ther. Boch its flips- of glaſs. were ſhattered in 

d — and diſperſed all over the room, ſeveral. of 
man flying i in my face; though no part of the quickſilver could 
be found, except what adhered to ſome fragments of the glaſs, ; 
to which it had given a kind of uniform whiteneſs; but 00 
distinct globules could be ſeen, and it was eaſily wiped, 
that no part of it was fixed in the glaſs. My head ak all 
er of the day, which L, Atributed to the, fumes. *, 


F. he 28th. Hein dipped the 33 in water, _ 
found it inſtantly. diſperſed, I wiſhed to ſee what would, be the. 


effect of diſcharging a ſhock through a chain quite covered with 
water. Accordingly, little i imagining the conſequence, I laid 
the chain upon a piece of white paper, in the bottom of a china 
diſh, and poured in water juſt ſufficient to cover it, Alſo, under 
one part of the chain, and in the water, I put a half, crown. 
Upon the exploſion, the water was blown about the roo 
great diſtance, the half crown was melted in two places, the 
diſh broken into many pieces, and the part that lay immedi- 
ately unde 
a little ſtained, and the water, [ could ne. Hack: een a 
little fouled by the black duſt. 2 A 
Brixò certain that the diſh nat have * Wat wk rin the 
coneuſſion given to the water by the electric ſpark under-it, in 
the manner in which Signior Beccaria's tubes. were broker 


experiment at Mr. Lane's *) I-had the curioſity to try what 
would be the effect of making a diſcharge through the chain 


hanging freely in water. I therefore. got a tin veſſel, ine 53 


* ed account of it, Phil, Tranf, Vol. 57. p. 458. 455 SITION 
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r the chain into very ſmall fragments. The paper was 
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| (though 1 had not ſeen his work at that time, but had ſeen. the 
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6% EXPLOSIONS! THR 0 
quart, þ 250 l ng che did hang) fhrealinchobend 1 Half Belo 
the f furface of the water, made the diſcharge. The electric ſparks 


intenſely bright in the water, all along the chain; 
| forhe'of the water was thrown' out, and the veſſel appeared to 
have been preſſed with ſome force upon a e ere ens, a _ 
| put under it, a viſible impreſſion being made upon it. The 
veſſel muſt have received a great concuſſion: for the duſt had 
been ſhaken from the bottom upon the book, though I had car- 
ried the veſſel up and down the r e nn that 
any duſt adhe ed to IS: R l 8 3 KAN 
I was willing to repeat this ebenen vith ſome vari 
of circumſtances, and faſtened a piece of ſmall ſilver wire 
two pieces of ſtrong braſs wire, and e the whole an inch 
or two under the ſurface of the water. Upon the diſcharge, the 
filver- wire was melted, at leaſt its aſunder, the veſſel * i 
been preſſed downwards more violently than before, a confi 
able quantity of the water was threwn about the table, 80 
ſome was daſhed perpendicularly upwards, againſt the top of 
the room ; where there were five wet places, each about the 
bigneſs of a half crown. 1 bave noe: en vo melted: wires 
under water. 
SEPTEMBER the "oi 1 th a üben e thres 
Ren of the ſame chain, each being a different circuit. They 
all left their impreſſion upon the paper, and nearly equal. Alſo 
three out of four a made N aeg e but the cen 
HE intirely. 

Ar another time, a ks which communicated: with - the 
oe: of the battery, but which made no part of the circuit, 
made the black ſtain on a piece of white paper on which it acci- 

dentally lay, almoſt as deep as the chain that formed the circuit. 
I 'was then melting a piece of wire, which had the ſame effect | 
| ; 8 


METALLAG SUBSTANCES, 


Sex. 49 
2 opiate The ame dig has frequer 


4 . . | "I 
pened ſines S 3} ene AAS i lee 91185 | 


7 * 


1: NoveMreR the bn put th Apr glaſs bende « fs 


wide as that it could only; touch one ſide; and upon rhe diſs 
| charge, . obſerved four. ſets of marks, made by the metal being 
dtiyen / into the 


14 


K 


which I imagine the chain had lain, were better marke 


the other two; but. all were very plain. 


courſe of experiments, was that' black duſt which I have obſerved 
to be. diſcharged. from the, braſs chain, and other pieces of me- 
Wh As it was fo OY e as to riſe like a cloud in the 


al 1 but ene the 


that which conſtitutes a metal; and that the cleatic: exploſion 
reduced metals to their conftituent principles as effectually as 
any operation by fire could do it, and in much leſs time. I 


was confirmed in this opinion by finding, in the firſt place, that 
not conduct 


this black duſt collected from a braſs chain wou 
tals, and alſo by the reſult of ſome of the following experiments. 
_ + CONSIDERING. this black duſt as a proof of calcination, and. 

obſerving it to be produced when I made the exploſions for the 


circular ſpots between gold and ſilver watch caſes, as was relate 
ed above; I began to think I had made a calcination of thoſe 


metals, which all the chymiſts ſay is impoſſible: but the fol- 
lowing experiments. convinced me, that it could only be the 
alloy that was in them which had yielded the black duſt or calx. 
ann that my e with theſe metal would conr 


a8 if, four chains had been in :the tube, 
and all bad received.the ſhock; Two ef the ae eee 


181 


IT laſt thing that engaged my t wich reſpect as this. - 


p of the room; 1 


ra or the 8 and regen in e kind of union than 
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ren a ſmall quantity of Pra N which I was informet was 
the pureſt chat the goldimithe know, and diſcharged an exploſion 
of the battery through a train of the pieces, an inch and a half 
2 laid on a piece of white paper. _— two f the 


vou | torn in the ſame” manner, if Thad 
uſed more. But what I principally attended to was the tinge 
that was given to the paper, with a view to ne had made the 
experiment. The paper was ſtained near an inch on each fide of 
the train, with uten ee with ro, , makingan Oy 
Hon ince. a 
Wrrn the fame W 1 nid a Smilar trait of bits cut with a 
viſe frown 1 1 rocure. Th 
with the geld; *. abe pst ee on — of the 
train was ſtained with black intermixed with a deep yellow, 
which was eee . Gon — e _— 00 0 = "_ 
m. of the gole. n wich ni bo! 
Tur blackneſs 8 theſe CG me, any theig had 
been a calcination of ſome part of the metal; but I was. convinced 
it muſt have been ſome alloy, by an deem 1 . after 
made with a piece of leaf gold; which, gene 
the pureſt that can be got. A ſmall lip as this 1 — through a 
quill, letting a part hang out at each end; and when I had made 
the diſcharge through it, I found the quill tinged with a beau- 
tiful vermillion red, without the leaſt intermixture of black. 
When I diſperſed a flip of leaf braſs in the ſame manner, the 


greater part of the tinge was black, with a little brown. mixed 
with it in a few places. 158 | 


ENTER 111 _— 
K 3-4 


IN 


80 X. 1 1 MBFALLIC: 80 BS | 


In order to aſcertain wheth a pure calx, 
or contained a portion of the metals 1 procured a ſmall quantity 
of it, by ſending an exploſion through ſome pieces of iron wire, 
ſometimes put into à quill, ſametimes laid upon white paper, 
and ſometimes upon glaſs, or incloſed in glaſs tubes; but could 
never be quite ſure that there was any part of it that was not 
affected with the magnet, which the mere calx would not have 


been. But the black duſt. could not be the Pure metal, for chen 


* 2 H 4. oj * We 


it would either have been bright. immediately after full ion, or 
have given a blue colour, which i is the pro r production of iron. 


* ane 
* AA 


SOME of the experiments with the brafs chain, related in this 


ſection, are ſimilar to one of Mr. Wilſon's, mentioned p- 95. 


concerning bodies placed without the electric circuit being af- 
fected with the exploſion. As to the cauſe of this, and tlie: other 


appearances above-mentioned, - Lhave no jeenje ture worth 
nic ting to the public. I have only purſued thema analog 


facts, and that not very far. Others may compare == 


? 


em farther, and aſcertain their cauſes. 253-9 not © reds 
Mx. Can rox has fince clearly. proved the calcination of pure 
gold and -filvet by the beat of eee prod 2Cins 
numberleſs moſt beautiful globules of tranſparent-g * 
others tinged with all the varieties of colour f v öſe mate 
He has alſo made it probable, that the black 40% mentioned 
this ſection, is the calx, or glaſs of the metal, bed en alle 
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-OBSBRVED, tans alice 4 
& my attempts to aſcertain its conllucting power, I. ſot e 
law, theiflaſh of the electrical exploſion ſtrike directly 
chain, along the ſurface of the ice. But as this paſſage on * 
ſutface was produced only by a common jar, it Was not much 
ene, eee at which the diſcharge Was uſually 
ppearance did not ſtrike me. But afterwards 
this eo Son Pal? in the uſe of my battery, where 
the paſſage ouer the ſurface ſo far exceeded the uſual diſtance of 
a common diſcharge, that it engaged my attention in a wy 
particular manner, and produced ſome: pleaſing experiments 
which I ſhall recite in the manner, and nearly in the AAN in 
which they happened. . ES. 
DECEMBER the lith. Thinking to make a circular ſpot on a 
piece of raw fleſh, I took a leg of mutton, and laying the chain 
that communicated with the outſide of the battery oyer the ſhank 
| of 


ge Xl. CONDUCTING). SURFACES: 6 


of i, took the erploſion on the out ward membrane; abòut fe 
inches from the-cbain ; but was gtettly ſurpriſed to obſerve the 
electric fire not to enter the fleſh; but to paſs, in a body, along 
the ſurface of it, to dome to ee ee 7160 KW AI DOT 
— ane thar chi le effect might be occaſioned by the fatty 
membrane on which: thei exploſfion was taken; I again laid the 
cha ain, in the ſame manner; over the ſhank, and took the: exepl6- 
fion upon the fibres of the muſcles, where they had been cut 
from the reſt of the body; but ſtill the fire aveided entering the 
fleſh, made a circuit of near an inch round the edge ef the joint; 
5 and paſſed along the ſurface, to come to en as Ban 
though the diſtance was near eleven inches. 
IMAGINING this effect was promoted by the chain lying Lightly 
on the ſurface of the fleſh,” and therefore not really in contact 
with it; I took another exploſion; when the hock of the chain 
was thruſt into the fleſh ; on which the fire entered che muttom 
and, as I held it in my hands, both my arms were violently 
ſhocked up to my ſhoulders; whereas, in the caſes of the elec- 
tric fire paſſing oret the ſurface. of the fleſh, my fingers, hap- 
pening to touch the chain, were only affacted with a flight prick- 
| ing or ſuperficial burning, which has been explained before.” - 
| Tris phenomenon being ſo remarkable, and the battery by 
this means diſcharging at a diſtance about twenty times greater 
than it could uſually be made to do, I thought to try other ſub- 
ſtances, of a conducting power ſimilar to that of raw fleſh; and 
of theſe, water was the moſt obvious. Accordingly, the next 
day, I laid a braſs rod communicating with the outfide of the 
battery very near the ſurface of a quantity of water (te reſemble 
the chain lying upon the ſurface of the fleſh, without being in 
contact with it) and, by means of another rod furniſhed with 
knobs, made a diſcharge on the ſurface of the water, at the diſ- 


4 _ LG _ tance 


( Was ub) ba v top a tremi ous motion, muſt 
[EX . recei 8 Ia o the waters 
. our hands into the water, at 
WN zer tioned paſſed over its 
A Fre ape exa 
„ exploſion was amen, 9295 ee 846: Ks | ues £ 29 
. AFTERWARDS, I made the exploſion of a jar, containing three 
„„ ſquare feet of coated liſtance below the ſurface 
a e | e water, ſo as to be viſible in t id we felt the 
Hrͤ ſame concuſſion that we had done before, when the fire of the 
N 0 ttery paſſed over the ſurface, "yy Wa weaker. The flaſh 
ES Oe of electric fite in the water d ace ſome of it, 
95 | | thereby. give a ſudden e den 0 and the ſimi- 
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he effect is a conſiderable evidence of(a 
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ATEN WARD s Aeta pes through the water, 


: making a ſpace of about a foot part of the circuit; when, , puts 
ting our hands in its paſſage, they were affected, but in a very 
— mannen n what lane, were Namen for this evi- 


Shir 18 (felt by he electric Mock itſelf; yet e 15 pen 


a mere percuſſion, affecting the ſurface of the hand. Both 

ſenſations were, indeed, felt moſt ſenſibly at the ſurface of the 

water, though our hands were, in ſome Meaſfre, anker by 
both as lo as we could put the... 
BEIN willing to experience what 3 of aſenfation this pa- 
| Gge over the ur face would occaſion, I laid a chain in contact 
with the outſide of a jar lightly on my finger, and ſometimes 
kept it at a ſmall diſtance, by means of a thin piece of glaſs; and, 
if I made the diſcharge at the diſtance of about three inches, the 
electric ſire was viſible on the ſurface of the finger, giving it a ſud- 


den concuſſion, which ſeemed to make it vibrate to the very 


bone; and when it happened to paſs on that ſide of the 1 800 
which was oppoſite to the eye, the whole ſeemed perfectly tranſ- 
parent in the dark. If I took the diſtance much larger, the fire 


entered the finger, ogcafiening a very, different, ſenſation from 


the former. The one was like a blow, but of a yery,, peculiar, 
kind, whereas, the other. is well known. to be a conVUlfon. 
+ 1 THER VEnbar 
marcow of an ox While the exploſion, of the battery was Paſſing 

over it, when I felt only a light, pricking,, or percuſſion on each 
- Gde of my finger; 2 and, the ſenſation continued far "Wu RAG 


This ſenſation did neten at all beyond the place of Percuſſion; 
5447 3 O 2 = W 


d to put my fingers, upon a piece of the ſpinal 
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hand, but it was with a kind of à vibratory. n 
voured to imitate that great natural phenom 


aud it being 
ſtiels, about three in 


54 eren warns diverifed this apparatus, eee 1 


| of ſpinal marrow, when the charge of the as was en | 


ably ſtronger, I received: a concuſſion which affecte ay whole 


ä tion. Fo Ai Akt 
PrxAsD with this reſemblante of the depen J endea\ 
on in other reſpeRts'; 
eing froſty weather, 1 cook a plate of ice, and- Placed: two 
hes high; on their ends, ſo that they 
would juſt ſtand with eaſe; and upon another part of the ice 1 
ce a bottle, from the cork of which was . falpended a braſs 
x fine thread. Then, making ene Haſh: paſs © over 

the ſurface of the ice, which it did with report, 
nearer pillar fell down, while the ou! N 400 and the 
ball, which had hung nearly ſtill, immediately began to make 


vibrations about an inch in lengrh, 4 amen in @/ "righs line 


from the place of the'flaſh. 110 Vuid gil 8 


& ſuſpending more pendulums, &c. ſometimes upon blad- 
ders ſteetched on the mouth of open veſſels; and at other times, 
on wet boards ſwimming in a veſſeb of Mater. This laſt method 
ſeemed to anſwer the beſt of any ;/ for the board repreſenting the 


earth, and the water the ſea, the phenomena of them bothdu- 


ring an earthquake may be imitated at the ſame time; pillars, 
ce. being erected upon the board, and che electrio flaſh being 
made: to piſs either over the board, over the water, or over them 
both. This makes an excceding fine experiment. 
WIN EI I firſt made this expexien nt of he clo@tioflaſs paſſing 
aver the furface of the water; T thought it neeeſſurys that neither 


the piece of metal communicating: with the outſide; nor that 


cotitmuticatinig with che inſide of the jars tHould touch the water 
immediately "before! the . Baut Lafterwards found, that 
wut. 889 the 


the experiment would anſwer, though either, or even both of 
them were dipped in the water: for in this caſe the exploſion 
would ſtill prefer the ſurface to the water itſelf, if the diſtance 
was not very great; and would even paſs at a greater diſtance 
along the ſurface, when there was a nearer nnn ein one tod 
to the other in the water. * 

Jus before the diſcharge, both this bodo were obſerved to at- 
rae the water very ſtrongly. It was thrown upon the rod com- 


municating with the outſide When it was laid near half an inch 


above the ſurface. When I put a drop of water on the rod com- 
municating with the infide, the diſcharge was made at the diſ- 
tance of about two inches from the ſurface of the water, the fire 
firſt deſcending perpendicularly, and then paſſing along the ſur- 


face; and if the rod communicating with the outſide had a drop 


of water upon it, it might be placed higher over the water than 


if it had not. At the time of the exploſion, this drop was elon- | 


gated, and promoted the diſcharge very conſiderably. fl 

Mr attention was next drawn to the kind of impteſſion whick 
was made upon the water by the paſſage of the electric fluid in 
this manner. To aſcertain this, I firſt placed a ſhilling level 


with the water, to receive the exploſion before it paſſed- along 


the ſurface ; and obſerved that it was” melted, but only about 
half as much as I imagined it would have been in the common 
way. There was no regular circular ſpot. And I-could' never 
perceive that the braſs rod which eommunicated with the outfide 
of the battery was at alf melted by the exploſion, | 
Jvupemo from the eoneuſſton given to the whole body of che 
water over which the ſhock paſted, I thought that tlie trace of 


it might poſſibly be preſerved on the ſurface of ſoft paſte; and 


moe 1 made PUN: Si Pm 1 over the area of ne, 
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and plainly ſerves; what the: part under the paſſage was de- 
g preſſed the electric matter havin g repelled it. The impreſſion 
was not deeper __ porter JPUrEPR NAS: a other 
part of the track. rene imum e 254 er 
To diftinguiſh — um the effect of the glee- 
tric matter when it probably enters the water, . and when it only 
paſſes over the ſurface, I ſpread a little water, exceeding thin, 
upon the ſurface of a ſmooth piece of late; but, though the 
exploſion paſſed over the ſurface, with its uſual violence, I could 
not perceive that it had occaſioned the leaſt degree of evapora- 
tion; which Signior Beccaria found to be the conſequence of 
making the n . gate water in ſuch circum- 
ſtances. 
Wurx the ies waſled over the: ſarface «fi the meet of 
e. „in the experiment of the earthquake above- mentioned, the 
ice ſeemed to be melted, both where the chain had been laid, 
and alſo along the tract over which the exploſion had paſſed. 
But this melting, if it was ſuch, was not uniform; but look- 
ed as if a chain with ſmall links had been laid hot upon it; 
and the imprefiios was not at all e _— the wee pure was 

firſt receive. | 
Wu the ee paſſed - over the ſurface 4 a green leaf, 
the leaf was rent in two directions; the longer in . track of 
he expioſion, : and the other at right angles to it. | 
T 8BvERAL times made the exploſion on the ſurface of 8 5 
when it always diſperſed a conſiderable quantity of it, making 
a hole near two inches deep, and almoſt as broad as long; for 
it could not be made to ous at a owe Ae ar ent — 
. 4 
I was. not a liule Pay to > find dot 5 aint * this 
electrical exploſion paſs equally over the ſurface of ſubſtances 
which were conductors in nearly the ſame degree; and for a 
long 
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long time imagined, that this property was peculiar to water, 
or: to bodies that conducted by means of the water they contain- 
ed. I could never make it paſs the ſurface of any kind of char- 
coal; though all the degrees of conducting power may be found 
in different pieces of it: and I was the more confirmed i in my opi- 
nion, by obſerving, that, though the exploſion paſſed perfectly 
well over the ſurface of a ſmooth board, that had been j uſt wet- 
ted, and immediately wip 
after, when the board was quite dry, it would not paſs at all in 
the ſame place. It alſo paſſed with great violence over the ſur- 


face of a bladder which had been moiſtened about a quarter of 


an hour before, and then ſeemed to be quite dry; but would 


not paſs in the leaſt degree two or three hours after. In the 


former caſe, the exploſion had left a mark where it had paſſed 
over, darker. than the reſt of the ſurface, a kind of poliſh which 
was on it being taken off: in the latter caſe, as the dry bladder 
conducted very imperfectly, the fire of the charge ſpread in a 
beautiful manner, covering a ſpace of about an inch in diameter. 

Tus electrical exploſion would not pals in the leaſt degree, 
over the ſurface of new glaſs, nba sdis g its property of 
diffuſion above - mentioned ſeemed to promiſe that it might. 


Neither would it paſs at all over the ſurface of alum, rock ſalt, 


ſal ammoniac, blue or green vitriol, or a piece of poliſhed agate ; 
though theſe are all conductors of a middle kind, like water; 
and ſeveral of them had very ſmooth ſurfaces. It alſo refuſed 


the ſurface of dry wood, and dry leather, even the ſmootheſt 


cover of a book. 

Bur I found that I had 3 too on, that this paſſage 
of the electrical exploſion was peculiar to the ſurface of water, 
by finding, firſt, that it paſſed over the ſurface of a touch-ſtone, 

and then over a Nee of the beſt kind of 1 iron ore, exceeding 
{ſmooth 


as clean as poſſible; yet two hours 
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ſmooth on ſome of its ſides. This piece is about an inch thick, 
and about three inches in its other dimenſions. The full charge 
of a jar of three ſquare feet would not enter it. It was diverting 
to obſerve how the electrical exploſion would make a circuit, 
. angles, when it was made in 4 — remote f 1 n m_ 
It looked like a ching invulnerable;' 
alia electrical exploſion paſſod over the ache of oil * vi- 
| criol with a dull ſound, and a red colour, which was the only 
appearance of the kind that I have yet met with. In all 
other caſes, if it paſſed at all, it was in a bright flame, and with 
a report peculiarly loud. It paſſed over the ſurface of the 
moſt highly rectified ſpirit of wine without firing it; but when 
I took too great a diſtance, the electric fire entered the . 
and the whole plate was in a blaze in a moment. 

I oxc fancied that the fluidity of water was in a great meaſure 
eee of this phenomenon ; but I found I could not make it 
paſs over the ſurface of quickſilver or melted lead; though neither 
of the rods with which the diſcharge was made touched the metals. 
A dark impreſſion was made on the ſurfaces of both the quick- 
filver and the lead, of the uſual ſize of the circular ſpot; and 
remained very viſible, notwithſtanding the ſtate of fuſion in 
which the metals were. 
So far was the electrical exploſien from paſſing over fs fur- 
face of any metal, that I obſerved, if the diſtance through the 
air, in order to a paſſage through the metal, was ever ſo little 
nearer than the diſtance along the ſurfaces, it never failed to 
enter the metal ; ſo that its entering the ſurface of the metal, 
and its coming out again ſeemed to be made without the leaſt 
obſtruction. If as much water was laid on a ſmooth piece of 
braſs as could lie upon it, it would not go over the furface of 
the water, but always ſtruck throught the water into the metal. 
285 "ma! 
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But if the metal lay at any conſiderable depth under the water, 


it would prefer the ſurface. It even paſſed over three or four 


inches of the ſurface of water as it was boiling in a braſs pot 


over the fire, in the midſt of the ſteam and the > bubbles, which 


ſeemed to be no hinderance to it. 

_ Ammar fluids, of all kinds that I have tried, Anat in a 
peculiar manner to favour the paſſage of the electrical exploſion 
over their ſurfaces, and the report of thoſe exploſions was mani- 
feſtly louder than when water was uſed. in the experiment. 


This I remarked more particularly when I made uſe, of milk, 


the white and yolk of an egg, both freſh broken, and after it 
had Rood a day or two, and had contracted a hard pellicle. In 
all the experiments with the egg, it was obſerved, that no pe- 
culiar impreſſion was made in the place where the electric matter 
firſt came upon the ſurface. 3 6 

Ir was very remarkable, that the nigger ws this all theſe 
ee in which the electric matter paſſed over the ſurfaces, 


was conſiderably louder than when the diſcharge was made be- 


tween two pieces of metal; and they were obſerved by perſons 


at ſome diſtance out of the houſe, and in a neighbouring houſe, 
very .much to reſemble the ſmart cracking of a whip; and indeed 
it would not be very eaſy to diſtinguiſh them. But the ſound 


made by theſe exploſions, though by far the loudeſt that I ever 
heard of the kind, fell much ſhort of the report made by a 
ſingle jar, of no very great ſize, of Mr. Rackſiroms: 3. who ſays 
that it was as loud as that of a piſtol. Eu 

Ix was pretty evident, that the 3 at which the fire paſſe 
ed over animal ſubſtances was greater than it could be made on 
the ſurface of water; particularly in the firſt experiment of the 
leg of mutton. It alſo paſſed about ten inches over the ſurface 


of a piece of ſpinal marrow taken from an ox. 5 ITE 
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Is much ſtruck with a beautiful appearance which oecur- 
red in the courſe of theſe experiments, though it was of a differ- 
ent nature from them. When the electrical exploſion does not 
paſs over the ſurface of water, but enters the fluid, it makes a 
regular ſtar upon it, conſiſting of ten or a dozen rays; and, what 

is moſt remarkable, thoſe rays which ſtreteh towards the braſs 
tod that communicates with the outſide of the battery are always 

longer than the reſt; and if the exploſion be made at ſuch a diſ- 
tance, as to be very near taking the ſurface, thoſe rays will be 
four or five times longer than the reſt; and a line bounding the 
whole appearance will be a beautiful ellipſis, one of whoſe foci 
is PTY mane the braſs knob with which the e diſcharge 
18 made. 
I will be in vain to — theſe Ane without a 
conſiderable force. Nothing at all, to any purpoſe, can be done 
with a common jar; fince the exploſion of it will hardly paſs 
over the ſurface of any conductor farther than it will diſcharge 
through the air. The charge of a jar containing three ſquare 
feet of coated glaſs will not make any conſiderable appearance 
upon the water; and as far as I can judge, the diſtance at which 
the exploſion will paſs along any ſurface is in proportion to the 
ſtrength of the charge. For this reaſon I make no doubt but 
that I could have performed all the experiments above-mentioned 
to much greater advantage, if T had applied a greater force, but 
that would have required more time, and a moderate force was 
ſufficient to aſcertain the facts. 


N. B. In theſe experiments, I put the diſcharging rod 
through a handle of baked wood; by which means, I could 
with ſafety lay one end of it upon the wires of the battery, and 
make the exploſion with the other, on Wan ſubſtances I pleaſed. 


15 
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ATIGUED with the inceſſant. charging of the electrical 
battery, and ſtunned with the frequent report of its explo- 
Au I was deſirous of ſome reſpite from thoſe labours, and 
with pleaſure took up the gentle and filent TouRMALIN. And 
I make no doubt but that my readers, who. muſt have ſympathized 
with me, will be equally pleaſed with the change. 

Ix was in the month of Auguſt 1766, that, being | in London, 


I received from Dr. Heberden, who is glad to encourage every 
attempt in philoſophical inquiries, his ſet of tourmalins; among 


which was that fine one which had paſſed through the hands of 


Mr. Wilſon and Mr. Canton, and of which a deſcription is given 


in the 51ſt. vol. of the Philoſophical Tranſactions, p. 316. But 
notwithſtanding I had this valuable ſtone ſo long in my  poſieſ- 
fion, it was not till the latter end of December that I began to 
make any experiments with it, having; in the mean time, been 


engaged in other electrical purſuits. ' At length, however, hay-- 


ing heought my veer experiments t to the ſtate in eee en 
CB ha. NA 219 a bono I 18 
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er hath ſeen thiten, I was defirous of being an eye witneſs of the 


wonderful properties of this ſtone, and of purſuing a few hints 


which had occurred to me with reſpect to it. The reſult of my 
experiments 1 ſhall lay before the reader, after having informed 
him in what manner, and with what nnn they were 
made. 

Tun ede 1 uſed to ** 6 to the tourmalin were va- 
rious, but they will be ſufficiently explained in the particular 
experiments. To aſcertain the kind of electricity, I always had 


near me a ſtand of baked wood, from the top of which projected 
various arms for different purpoſes. Three of them were of 
5 glaſs, to two of which were faſtened threads of filk, as it comes 


from the worm, - ſupporting light pieces of down; from the 
other hung a fine thread, about nine or ten inches long; while 


a braſs arm ſupported a pair of Mr. Canton's pith balls. At the 
other extremity of this arm, which was pointed, I could place 
a charged jar, to keep the balls conſtantly and equably diverging, 


with poſitive or negative electricity. Sometimes I ſuſpended 
the balls, not inſulated, within the influence of large charged 
jars. And laſtly, I had always at hand 4 fine thread of trial nat 
inſulated, and hanging freely, to obſerve whether the ſtone was 
electrical or not when I began any experiments, and ſometimes 
to meaſure the ſtrength of the power which it had acquired. 

Brok I began any experiments, I never failed to try how 
long my electrometers would retain electricity, and in what de- 
gree: If the thread would retain. the virtue for a few minutes, 
I generally preferred it, when I wanted to con municate the 
electricity of the tourmalin ; becauſe it would. catch it in a mo- 
ment. If the thread would not retain the virtue long enough, 


or if I wanted a leſs variable degree of electricity than the thread 


could retain, 1 had recourſe to the feathers, which never failed 
to 
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to retain the virtue that was communicated to them for ſeveral 110 
hours together. J have often found them pretty ſtrongly electri- 


fied, after remaining untouched a whole night, though there 
had been no fire in the room. They might be touched without 
any ſenſible loſs of their dedricity ; but you received the vir- 
tue very ſlowly. 


Tx reader muſt obſerve, chat by the pofieive or negative fide 


of a tourmalin, in the following experiments, I always mean 
the ſide which is poſitive or negative while the ſtone is cooling. 
Alſo, when I mention the tourmalin without any diſtinction, I 


always mean Dr. Heberden's large one, the convex ſide of which | 


is poſitive in cooling, and the flat fide negatiye. 

T x conſideration of Mr. Wilcke's experiments on the pro- 
duction of ſpontaneous electricity, by melting one ſubſtance 
within another, firſt made me conjecture, that the tourmalin 


might collect its electricity from the neighbouring air. To aſ- 


certain this circumſtance I made the following experiments, which 


ſeem to prove that my conjecture was juſt. It was with a view 


to this experiment that I firſt expreſſed a deſire to have a tourma- 
lin in my poſſeſſion. I afterwards found that Mr. Wilſon had 
made an experiment mentioned p. 301, which is, in part favour- 
able to this bypotheſis, though he ſuppoſed the electricity to 
permeate the ſtone, fo that one fide might have been ſupplied 


from the other. But the following experiments will ſhow, that 


the ſuppoſition of the permeability of the tourmalin to the elec- 


tric fluid is altogether er N to account for any of the * 


Pearances it exhibits. 


- On the ſtandard: bar of a moſt n pyrometer W "ra 


Mr. Ellicott, I laid a part of a pane of glaſs, and upon the glaſs 


Dr. Heberden's large tourmalin. The bar was heated by a ſpirit 


lamp placed underneath it; and I treated the tourmalin in this 
manner, 


: 
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manner, to aſcertain with exactneſs when the heat was increaſ- 
ing, decreafing, or ſtationary. In this nenn of my appa- 
_ ratus I obſerved; that, whenever I examined the tourmalin, the 
glaſs had acquired an electricity oppoſite to that of the fide of 
the ſtone which had lain upon it, and equally ſtrong. If, for 
inſtance, I preſented the flat ſide of the ſtone to a feather electri- 
fed poſitively, as the heat was increaſing, it would repel it at 
the diſtance of about two inches, and the glaſs would attract it 
at the ſame, or a greater diſtance; and when the heat was de- 
creaſing, the ſtone would attract it, and the glaſs repel it at the 
diſtance of four or five inches. It made no difference which fide 
of the glaſs I preſented; both ſides attracting or repelling the 
ſame feather with equal ſtrength. When I faſtened a ſhilling 
with ſealing wax upon the glaſs, the events were always the 
| dame. The electricity of both the ſhilling and the glaſs was al- 
ways oppoſite to that of the ſtone. I was ſurpriſed to obſerve 
o/ ſoon the electricity, both of the ſtone and the glaſs, would 
change when it came to the turn; for in leſs than a minute I 
und them the reverſe of what they were before. 
TERRE was, however, in the caſes in which I laid the convex 
Aide of the-tourmalin upon the flat ſurface of the glaſs, or ſhilling, 
one exception to the rule above-mentioned ; viz. that, in cooling, 
the glaſs and ſhilling were poſitive, as well as the ſtone. This 
:I imagined to be owing to the ſtone touching the ſurface on 
which it lay in ſo few points, that it collected its electricity 
from the air, and imparted it to the body on which it lay; and 
this ſuppoſition was confirmed by experiment. For getting a 
mold made for the convex ſide of the ſtone in plaiſter of Paris, 
and heating the tourmalin i in the mold, faſtened to a ſlip of glals, 
I always found the mald and the glaſs poſſeſſed of the eloctricity 
a to that of the Kone, and equally — When they 


Were 


were cooling, the mold ſeemed PO PIO to "by more arongly | 
negative than the ſtone was poſitive ; for, at one time, when the 


ſtone repelled the thread at the diſtance of about three inches, | 


the mold attracted it at the diſtance of near fix. 
Haix made the experiments aboye-mentioned with ths. 
tourmalin placed upon glaſs, or conducting ſubſtances, laid upon 
the glaſs, I had the curioſity to try what would be the conſe- 
quence of heating and cooling the ſtone in contact with other ſub- 
ſtances, both electrics and conductors. And theſe experiments 
brought me gradually to the diſcovery of a method of reverſing 
all the experiments that have hitherto been made upon the tour- 
malin, making that fide which. is poſitive in heating or cooling 
to be negative, and that which is negative to be poſitive ; ſo 
that the kind of electricity ſhall be juſt what the operator ſhall | 
direct, by the application of proper r ſubſtances to the ſtone. 

- I BEGAN theſe experiments with ſubſtituting another tourma- 
lin inſtead of the piece of glaſs above - mentioned; and when only 
one of the tourmalins was heated, they were both affected juſt as 
the tourmalin and glaſs had been. If, for inſtance, the negative 
ſide of a hot tourmalin was laid upon the negative ſide of a cold 
one, this latter became poſitive, as a Bien of glaſs would have 
been in the ſame circumſtances. 

Wurm I heated both the tourmalins, though they v were falien- 
ed together with cement, they both acquired the. ſame power 
that they would have done in the open air. In theſe caſes, as 


the ſtones could not be made to touch one another, in a ſufficient - 


number of points, nothing could be concluded from the expe- 
riments. The ſame objection lay againſt heating or cooling 
the tourmalin upon rough glaſs; when I always found them both 
to be affected as they would have been if the Sia had been 
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Tuis conſideration made me think of cooling the tourmalin 


i contact with. ſealing wax, which might be made to fit the ſtone 
as exactly as poſſible, though it were ever ſo itregular. Accord- 
ingly I half buried the negative fide of a tourmalin in hot ſealing 


wax; and when it was cold, turning it out of its waxen cell, 


found it poſitive (contrary to what it would have been in the 


open air) and the wax negative. The other fide of the tourma- 
lin, which was expoſed to the open air, was affected in the ſame 
manner as it would have been if the oppoſite ſide had been ex- 
poſed to the air too, ſo that both ſides were poſitive in cooling. 


As the negative ſide of the tourmalin became poſitive by cooling 


in wax, I had no doubt but that the nen ſide an be nen 


N actually found it. 


I wour p have aſcertained the ſtate of the different ſides of the 
tourmalin when it was beating in wax, but I found it extremely 
difficult to do it with ſufficient certainty. It cannot be known 
exactly when the ſtone begins to cool in theſe circumſtances : be- 
fides, in this method of treatment, it muſt neceſſarily be ſome | 


time in the open air before it can be preſented to the electrome- 


ter; and the electricity of the ſides in heating is by no means ſo 
remarkable as it is in cooling. In the attempts I did make 
with the poſitive fide of the tourmalin buried in wax, I generally 
found it negative, but once or twice it ſeemed to be politive, 

_ Wren I cooled the tourmalin in guickfitver, contained in a 


china cup, it always came out poſitive, and left the quickſilver 


negative; but this effect could not be concluded to be the con- 
ſequence of the application of the one to the other, becauſe it 


is almoſt impoſſible to touch quickſilver with the tourmalin 


without ſome degtee of friction; which never fails to make both 


fdes ſtrongly poſitive, though it be quite cold, and oor! 


if the ſtone be dipped deep into it. | 
IT | 
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. Ir then occurred to me, that the tourmalin would not be apt 
to receive any friction from ſimple preſſure againſt the palm of 


my hand; and this being a conducting ſubſtance communicating 
with the earth, the circumſtances of the experiment would be 
new, and might poſſibly produce new appearances. The event 
more than anſwered my expectations: for in heating or cooling 
the tourmalin in contact with the palm of my hand, each fide 


of the ſtone was affected exactly in a manner contrary to what 


it would have been if expoſed to the open air. In this caſe, 
though the poſitive appearances may be ſuſpected to be ambigu- 


ous, on account of the difficulty of avoiding ſome ſmall degree 
of friction, in removing the ſtone from the hand; yet the nega- 
tive appearances are, by that very circumſtance, rendered the 
more indiſputable, and therefore remove the objection from the 
poſitive ones. For the greater ſatisfaction of my reader, An 


relate theſe experiments exactly as they were made. 
I FASTENED the convex fide of Dr. Heberden's large dn 


lin to the end of a ſtick of ſealing wax, and when it was quite 
cold, I preſſed the flat fide of it pretty hard againſt the ſofteſt part 


of the palm of my hand. Immediately upon this, preſenting i it 
to an electrified feather, it appeared to be ſtrongly negative, 
contrary to what it would have been if expoſed to the open air; 
and it continued negative till it had acquired all the heat it could 
get from my hand, when its power decreaſed, though it was 
ſenſibly negative to the laſt. Perceiving no alteration, I let the 


ſtone cool in the open air; when, according to Mr. Canton's | 


rule, it grew more ſtrongly negative, till it was quite cold. 
Thus the ſame fide of the ſtone was made 0 both i in e 
ing and cooling. 


HeaTinG the ſame flat gde, by voting it near a ads rt 


| rater, and then juſt touching it with the palm of my hand 
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* 


(when I could not bear it to reſt a moment) it became poſitive. 
Letting it cool in the air, it was negative, and touching it again 
with my hand it became poſitive, Thus I made the ſame fide of 
the ſtone alternately. poſitive and negative for a conſiderable time; 
and at length, when 1 could bear to keep it upon my hand, it 
acquired a ſtrong poſitive electricity e pes, till it 
was brought to the heat of my hand. W ene 
To complete theſe experiments, I n pgs wax how 
nc convex ſide, and faſtened it to the flat fide of the ſtone. 
Then. warming: the convex fide, by preſſing it againſt the palm 
of my hand, it became pretty ſtrongly poſitive, contrary to what 
it would have been if heated in the open air, and continued po- 
fitive in a ſmall degree after it had got all the heat it could from 
my hand. Letting-it-cool in the open air, it grew, according 
to Mr. Canton's rule, more ſtrongly poſitive, and continued ſo 
till it was quite cold. Thus the ſame: fide of the ſtone was e 
poſitive both in heating and cooling. . 
- I THEN heated the convex fide, 1 e it near a mod 
| 15 poker, and preſſing it againſt the palm of my hand, as ſoon 
as I could bear it, it became (contrary to what it would have 
been in the open air) pretty ſtrongly negative; though it be ex- 
tremely difficult to get a negative appearance from this ſide. It 
cannot always be catched when it is heating in the open air. 
Care, however, muſt be taken, left a ſlight attraction of the 
_ elefrified feather, by a bady a not electrified, * millgken, for 
negative electricity. 
Having made the 6 eee to * how 
the tourmalin would be affected by being heated or cooled in 
contact with various ſubſtances, to which only one of its ſides 
was expoſed at once; I made others in which the ſtone was 
entirely ſurrounded by them. It appeared very evident, from 
; Mr. 
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Mr. Canton experiment, Meni. p. 305; that it could an- 
ſwer no purpoſe to incloſe it in ſubſtances) that were coi 
for though the two electticities ſhould: be generated, the equili- 


brium would inſtantly be reſtored between them. 1 therefore 
made uſe of electric ſubſtances only, and began with oil and ralluw, 
both covering the tourmalin with them when it was hot, and 


alſo heating it in boiling oil. But this treatment produced no 
new appearance, · the electricity of the ſtone being only a little 
leſſened. The event was the ſame when a tourmalin was oo 
ng tag with cement made of bees wax and turpentine. 485410 


Ar laſt I made a ſmall tourmalin very hot, and me | 


melted ſealing Wax upon it, covered the ſtone all over, to the 


thickneſs of about a crown piece; and found it o a& nearly, 


if not quite as well through this coating of wax, as if it had 
been expoſed to the open air. I take it for granted, that the in- 
fide of the caſe of wax next to the ſtone was poſſeſſed of the 
electricity oppoſite to that of the ſtone, at the ſame time that 
the outſide was the ſame with it. A pretty deception may be 
made by means of this experiment: for if a tourmalin be. con- 
cealed in a ſtiek of ſealing wax, the wan WII ſeem to ee a0 
quired the properties of the toùr Ann 1004121169 

 HeaTinG the ſtone, or letting it 561 in vans might cal 
be imagined to have the ſame effect as heating or cooling it in 
contact with conducting ſubſtances; I had the curioſity, however, 
to try the experiment, by letting it cool in an exhauſted receiy- 
er, in which T had a contrivance' to bring a thread of trial near 


it, or withdraw it at pleaſure. The ſtone was ſet upright on 


its edge, by means of bits of glaſs which it touched but in a 
few points. The conſequence was, that the virtue of the ſtone 
ſeemed to be diminiſhed about one half; owing, perhaps, to 
the yacuum not being ſufficiently perfect. Fot the ſame reaſon, 
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the tourmalin his but little whore umtiiapely apon uy: * 


out of boiling water, or after being heated in flamme. 


Onx time I fixed a thin piece of glaſs, with a anal ms 


upon it, oppoſite and parallel to the flat fide of the tourmalin, 
and at about a quarter of an inch diſtance from 
ed receiver; to obſerve whether the electricity would be tranſ-! 


it, 3 in an exhau iſt- 


mitted from the glaſs to the ſtone through the vaeuum: but 


- though the glaG was electrified, it was ſo auh. char I could 


not be certain of what kind it was. 
Ix order to aſcertain the ns lating: to pn TOI 


of the electricity of the tourmalin with more exactneſs than 


could be done by heating and cooling the ſtone in any of the 
uſual methods, 1 lid it u depth the ſtandard bar of the mee 


it. The reſult of 1080 ae was in * Nc vera agreeable, to 
Mr. Canton's rules; but a few: circumſtances occurred in this 


method of treating it, which could not be determined in any 


other; and therefore it may be worth while juſt to mention 


deu I generally heated the bar, which is of iron, eight inch- 


long, till the index moved ſeventy degrees, each of which. 
n e to one 7200th. part of an inch; and obſerved, that 


whichever ſide of the ſtone lay uppermoſt, it was extremely dif- 


ficult to aſcertain the nature of its electricity all the time the heat 
was increaſing 3 though, in order to do it, I held over it an elec- 
trified thread, about two inches in length, . faſtened, to a ſtick of 
ſealing wax, which juſt ſupported it in an horizontal ſituation. 
It was evident, however, that it was electrified, by its attracting 
a thread of trial at the diſtance of about a quarter of an inch; 
but if I took the ſtone off the bar, and immediately preſented 
the fide that had lain upon it to an electriſied thread or feather, 
L always perceived the canvex fide to be negative, and the flat 
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fide poſitive i in the ſame circumſtances ; but not. half ſo much as 
they were in the contrary ſtate by cooling. In this caſe; the two 
powers were very diſtinguiſhable by the ſmall thread above-men- 
tioned, as the ſtone lay upon the bar; and alſo by bits of down 
faſtened to filk threads. One of theſe, which had touched the 
- convex ſide of the ſtone, as it lay uppermoſt upon the bar, 


dene not be made to touch it again in leſs then ne hours and a | 


half. 


| the very fame degree of heat a conſiderable time together, I laid 
it upon the middle part of the bar, heated by two ſpirit lamps, 


one at each extremity, and making the index move forty five de- 


grees, I kept it in the ſame degree of heat, without the leaſt 


ſenſible variation, for above half an hour together; and obſerv- 
ed, that the upper fide, which was the convex one, was always 
electrified to a ſmall degree, attracting a fine thread at the diſ- 


tance of about a quarter of an inch. If in that time I took it off 
the bar ever ſo quick, and preſented it to an electrified feather; 
the flat ſide, which lay upon the bar, was negative, and the 


upper ſide very ſlightly poſitive; as appeared by its only not at- 


tracting the feather. When I put a piece of glaſs betwixt the 
ſtandard bar and the tourmalin, and kept them likewiſe in. the 
ſame degree of heat, for the ſame ſpace of time, the reſult was 
the ſame as before, and the glaſs was vightly eleinifgd, in a kind 


oppolite to that of the ſtone. 


IN heating the tourmalin upon the p pyrometer, one of its ſides 


was neceſſarily made much hotter than the other. This incon- 
venience I avoided in the following method of treatment, which, 


though not ſo accurate in ſome reſpects, has peculiar advantages 


in others. By means of two rough places in the ſtone, I tied it 
in a filk thread, which only touched the extreme edge of it on 
both 
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both ſides. Being in this manner perfectly inſulated, I contrived 
to make it hang in the air, at any diſtance from a fire, or can- 
dle, & and by twiſting the ſtring, I could make it am 
| both its ſides alternately, ſo as to heat it very equally. . 
Wurn, in this manner, I had made it fo hot, that I cod 
berdy bear to handle it, I let it remain in the ſame ſituation a 
quarter of an hour, in order to be ſure that it was heated e equally 
throughout. Then, with a bundle of fine thread, held ſome 
time before in the ſame degree of heat, I took off the electricity 
which the ſtone had acquired in heating, and continuing it in 
the ſame ſituation, 1 found it acquired extremely little, if any 
electricity. Sometimes, when I thought it had acquired a lit- 
tle (which might be occaſioned by the variation of heat in the fire) 
it was ſo ſmall, that I could not determine of what kind it was. 
This fully ſatisfied me of the juſtneſs of Mr. Canton's obſervation 
that it is not heat, but the circumſtance of nenen its reh | 
of heat that gives electricity to this ſtone. | 
Ir the ſtone be heated pretty ſuddenly, I have e found 
that it may be handled, and preſſed with the fingers ſeveral 
times before the electricity it acquires in heating will be chang- 
ed, thoaght it em . * moment it is eres from "We 
fire. | 9 F 
In this lain aunthed of trvatiment, I verified Mr. Cantory s ob- 
ſervation, that when the tourmalin is heated, and ſuffered to 
cool again, without either of its ſides being touched, the ſame 
ſide will be poſitive or negative the whole time of the increaſe 
and decreaſe of the heat. But, as he obſerves, p. 226, in his 
experiments on hot air, the ſtone muſt, in this caſe, be heated 
only to a ſmall degree. I alſo proved the converſe of this propo- 


ſition: for, beginning where I left the ſtone in the laſt experi- 
indi, and removing it farther from the fire, both fides acquired 
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a ſtrong er as ads od bringing it again nearer to the 
fire; I obſerved: that both the fides not only retained the electricity 


they had acquired in cooling, all the time it was heating, but 
: ir time after it md remained i in the An. * of. 


Bann. 


4 CANNOT, ghee aka avon the deu that Mr. | 
appearance: for if the ſurrounding air would 


Canton gives for thi 
conduct the electric fluid from the poſitive fide of the ſtone to the 


the experiment Mr. Canton made upon it ſurrounded with water, 
p. 306, and that neither fide would diſcover any electricity at all. 


When the heat is three or four times greater than is ſufficient to 


change the electricity of the two ſides, the virtue of the ſtone 
is the ſtrongeſt, and appears to be ſo when it is tried in the 
very neighbourhood of the fire. In the very center of the fire, 
the ſtone never fails to cover itſelf with aſhes, attracted to it 


from all ſides, and from this property it een its name in 


Dutch. 


Ir requires, indeed, P UL fs the deficit of the ſides 
to change from one ſtate to the other ; and therefore the time of 
the ſenſible change is not always at the time of its beginning to 
cool, but theſe two circumſtances will be brought nearer toge- 


ther the hotter the ſtone is made, becauſe then the efforts (of 


whatever kind they are) to acquire any particular ſpecies of elec- 


tricity will be the moſt vigorous, and ſooner produce their effect; 
ſo as to be more able to overcome obſtacles to it, ſuch as muſt 


ariſe from the contrary electricity with which the ſtone is poſſefl= 


ed. Thus, if cither fide of the ſtone be in a ſtate to acquire ei- 


ther kind of electricity, and a quantity of the contrary electricity 


be communicated to it by friction, or ab extra, that foreign 


Archer will. be either only weakened, or loft or ene 


% 


negative, I ſhould: think it would be in the ſame ſituation as in 
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and theſe in a longer or a ſhorter ſpace of time, according to the 
vigour, as we may ſay, with which the ſtone is made to exert 


itſelf to counteract that influence. But I have great reaſon to ſuſ- 


pect my own opinion, when it is different from that of ſo accu- 


rate and excellent a judge of this ſubject as Mr. Canton. 5 
Ix is a fact, however, that the ſtone often changes its electri- 


* ere flowly ; and the electricity it acquires in cooling never 


It is Sa poſſible that, in ſome caſes, the eleQricity acquired by 


n many hours upon it, with very little diminution. 


heating may be ſo ſtrong, as to overpower that which is acquired 
by cooling; ſo that both ſides may ſhow the ſame power in the 
whole operation. And I am very certain that, in my hands, 
both the ſides of Dr. Heberden's large tourmalin have frequently 
been poſitive for ſeveral hours together, without any appearance 

of either of them having been negative at all. Perhaps the flat 


| fide of this ſtone, which is poſitive in heating, might continue 


ſo according to Mr. Canton's obſervation ; and the electricity of 


the convex fide might have changed, as it very often does, too 
ſoon for me to obſerve it. This fat, however, has happened 


| ſo often with me, and is ſo very remarkable, that I think I ought 


not to omit the mention of it, let the cauſe be what it will. 
Tals appearance happened ſo conſtantly when I firſt began to 


5 3 experiments with the tourmalin, that I had concluded the 


Duc de Noya had reaſon to aſſert, contrary to Apinus, that 
both ſides of the tourmalin in all caſes acquired poſitive electri- 
city; and I ſhould have acquieſced in that opinion, had it not 
been for the friendly remonſtrances of Dr. Franklin and Mr. 
Canton ; in conſequence of which I renewed my experiments, 
and at length found other appearances. At the time above-men- 


| tioned, I generally heated the tourmalin by preſenting each fide 


We to a red hot poker, or a piece of hot glaſs held at the 
. 5 | _ diſtance 


8 6. XII. < 
diftence:of about half an inch; and; ſometimes I held it in t 


ocus of a burning mirror; but I have ſince found the ſame ap 


pearance when I have heated it in the middle. of an iron hoc 


ſetyed to happen the ofteneſt when the iron hoop has been ex- 


ceeding hot, ſo that the outſide of the hw muſt haye bee 


heated ſome time before the inſide; and I alſo think chere f is the 
greateſt chance of producing this appearance when the convex 
fide of the ſtone is made the hotter of the two. When I heat the 
large tourmalin in this manner, I ſeldom fail to make. both x ſides, 
poſitive till the one. be about blood warm. IL then generally 
obſerve a ragged pars of the flat ſide, towards one end of the 
ſtone, will. become negative firſt, and by degrees the reſt of the 
flat ſide; but very often one part of the flat ſide will, in this 
method of treatment, be ſtrongly poſitive, *. 2 hour: * the 
other part is become negative. | 

Tu1s account of the appearance is nad Ss mand yoakedle Pi 
the manner in which the ſtone was affected when only one of its 
ſides was heated at one time. For when the convex fide only 
was heated, the ſtone often continued a long time with both its 


fides poſitive, generally till it was not ſenſibly warm. But, in 


this caſe, before the Convex fide became poſitive, it would 
' ſometimes be negative two or three minutes. On the other 


hand, when the flat fide only was heated, it would be poſitive 


a long while, and the convex ſide negative; but the flat ſide 


becoming negative a conſiderable time before the convex ſide 


ceaſed to be ſo, both ſides would continue negative till the ſtone 
was nearly cold. | 7 
ExTREMELY ſorry I am for the article with which I muſt cloſe 
this ſection. In the firſt of the above-mentioned courſes of ex- 
ö | __ - periments 
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made red hot. The ſtone, in all theſe caſes, was faſtened. * . | 
its edge to a ſtick of ſealing wax. This appearance. 1 have. ob 
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j periments, chat fine eourmlin;: which has been 60 8 5 
tioned in the courſe of this work, flippe 
chough it fell only from the height of my breaſt, upon a boarded 
floor, two pieces were broke off from one of its ends. The 

ſtone, however, is more disfigured than injured by the accident: 


„ COLOURS! BY 


ed out of my hands; and 


for the larger of the fragments' weighs but ten grains, and the 
fmaller only one, while the reſt of it weighs four penny weights 
fixteen grains. I cannot perceive that its virtue is at all leſſened. 


Mr. Wilſon obſerves, that there were ſeveral cracks in it and 


for that reaſon I had been careful x never to we. ona it to is you. 
. rd or-heat?” © 115 ric 
Ir is broke with Get 6 or ten | different Cats nth; of hich | 


hath a moſt exquiſite poliſh; but there is no appearance of any 
ftrata'or laminæ in the internal ſtructure of the Kone. A piece 
of glaſs or pitch might be ſuppoſed to break in the ſame manner. 
The larger of the fragments has conſiderable power, and the 
two ſides have the ſame different FRO 1 —_ had when * 
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* — IN WHICH u RINGS, CONSISTING oF ALL THE 


„ne COLOURS, WERE MADE BY ELECTRICAL 


4; HAALOTIONS ON THE SURFACES OF- METALS. 
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T. was a a diſcovery of Sir Iſaac 8 that the ble of 
1 bodies depend upon the thickneſs of the fine plates which 
compoſe their ſurfaces. He hath ſhown that a change of the 
| thickneſs of theſe plates occaſions a change in the colour of the 


body, rays of a different colour being thereby diſpoſed to be : 
tranſmitted through it, and, conſequently, rays of a different 
colour reflected at the ſame place, ſo as to preſent an image of 


a different. colour to the eye. A variation in the denſity occaſi- 
ons a variation in the colour, but till a medium of any denfity 


will exhibit all the colours, according to the thickneſs of it. 
Theſe obſervations he confirmed by experiments on plates of 


air, water, and glaſs. He likewiſe mentions the colours 
which ariſe on poliſhed ſteel by heating it, as likewiſe on bell 
metal, and ſome other metalline ſubſtances, when melted and 
poured on the ground, where they may cool in the open air, and 


he aſcribes them to the ſeorie, or vitrified parts of the metal, 
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' PRISMATIC ©: COLOURS ET PA VINE. 


n he ſays moſt metals, when heated or melted; do con- 
tinually protrude, and ſend out to their ſurfaces, covering them 
in the form of a thin glaſſy ſkin. 
Turs great diſcovety concerning the colours of bodied, depend 
ing upon the thickneſs of the fine plates which compoſe their 
ſurfaces, of whatever denſity thoſe plates may be, I have been ſo 
happy as to hit upon a method of illuſtrating and confirming by 
means of electrical exploſions. A nu mber of theſe being receiv- 
ed on the ſurface of any piece of metal, change the colour of it 
to a conſiderable diſtance from the ſpot on which they were diſ- 
charged, ſo that the whole circular ſpace is divided into a num 
ber of concentric rings, each of which conſiſts of all the priſ- 
matic colours, and perhaps as vivid as they can be moons: in 
any method whatever. r os 
Ix was not by any reaſoning « a chains, but by mere accident, 
that I was led to the diſcovery of theſe colours, Having occaſion 
to take a great number of exploſions, in order . to. aſcertain. the 
lateral force of them ; ; 1 obſerved that a piece of braſs, through 
which they were tranſmitted, was not only melted, and marked 
with a circle by a fuſion round the central ſpot, but likewiſe 
tinged beyond the circular ſpot with a greeniſh colour, which I 
could not eaſily wipe out with my finger. . Struck with this new 
appearance, I replaced the apparatus, and continued the explo- 
ſions, till, examining with a microſcope, 1 plainly perceived 
all the priſmatic colours, in the order of the rainbow. The dia- 
meter of the red, in this inſtance, was .one third of an inch, 
and of the purple near one fourth. The diameter of the whole 
coloured ſpace in the ſubſequent experiments, in which I 
generally uſed thirty or forty exploſions, was near an inch. 
PLEASED with the firſt experiment, I preſently diverſified in 


4 
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the following obſervations. ' _.. 
1. WHEN a pointed body is fixed eber to a 0 ſerfbet, 


the nearer it is placed, the ſooner the colours appear, the cloſer 
one another, and the leſs ſpace they occupy. It 


do they ſuccee 


ſeems, however, that when the point is at ſuch a diftance, that 
the electric matter has room to expand, and form as large a cir- 
cular ſpot as the battery will admit, this coloured ſpace is as 
large as it is capable of being made; but Rill the colours appear 
later, in proportion to the diſtance beyond that. When the 


point is fixed exceeding near, or made to touch the ſurface, the 


colours appear at the firſt exploſion, but they ſpread very irregu- 
. and make no diſtinct rings. 


2. Tux more accutely pointed is the wire, from 1 the | 


elearie fire iſſues, or at which it enters, the greater is the num- 
ber of rings. A blunt point makes the rings larger, but fewer. 
It is likewiſe much later befors 9s make their es at a 
given diſtancgſgq. | 
3. In making abe rings, hat firſt appearance i is a duſky red 
about the as of the central ſpot; ; preſently after which (gene- 
rally after four or five ſtrokes) there appears a circular ſpace, vi- 
fible only in an oblique poſition to the light, and looking like a 
courſe of the explo 
at the firſt red; for, by degrees, as the other colours fill the 
greater part of that ſpace, the extreme edge of; it becomes a deep- 


er brown. 05 
4. AFTER a few more exploſions, a . e ſpace is 


marked, by another ſhade beyond the firſt, being one eighth or 


one tenth of an inch in breadth, which I have never obſerved to 


mage its APPIFSFRNOGs after ever ſo many exploſions. This 
: ſhade, 


i 


Aa great variety of ways, the reſult of which I ſhall ili in 


ons. It ſcems to be an attempt, as it were, 
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hade, by ſuccceding the firſt, which becomes gra 

brown or light red colour, ſeems to be an zttemp 

- colours, which intervene between the reds. | 

5 ALL the colours make their firſt appearance about 0 pet 

of the circular ſpot. More exploſions make them expand towards 

the extremity of the ſpace firſt marked out; while others ſuccced 

in their place.; till, after thirty or forty exploſions, three diſtinct 

rings appear, each conſiſting of all the colours. If the exploſions 

be continued farther, wigs colours become leſs beautiful ME 
diſtin, the red generally prevailing, and ſuffuſing the reſt. 

6. Fux innermoſt, 7. e. the laſt formed colours, are ee 

the moſt vivid, and thoſe rin ngs are 3 cloſer to one n 

n the reſt. | 


7. Tues colours may be bruſhed with a e or 4 anger 
may be drawn over them, without injury; but they are eafily 
peeled off, with ones nail, or any thing that is ne nes in- 
nermoſr are te moſt difficult to eraſe. uc 

8. Tux firſt rings are ſometimes —_ Jr nn of 
black duſt, part of which, however, may be en . _ a 
feather, and the colours will appear under i- 5 

9. Ir makes no difference whether the dedrie matter iſſue 
from the pointed body upon the plate, or from the plate upon 
the pointed body, the ſurface oppoſite to the point being marked 
exactly alike in both caſes; alſo the points themſelves, from 
which the fire iſſues, or at which it enters, are coloured to a 
conſiderable degree, about half an inch. The en, my re- 
turn here as upon the plate. | 

10. Tux more circles are made at the ſame time; ** more 15 
ee I think, the colours will be, whereas the furface is torn, 
as it were, by violent exploſions, and the colours appear rough 
and coarſe. But this roughneſs is only perceived on ſteel. On 


ſilyver, 
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ſilver, tin, and poliſhed braſs, the colours were aways equally 


free from that coarſeneſs. | 
11. A PoLIsntD firface is not neceſſary for theſs ck; fo 


they appear very well, though they do not make ſo beautiful an 
appearance on the rough ſurfaces. 


tals that I have tried, viz. gold, filyer, copper, braſs, iron, ſteel, 
lead, and tin. I have not tried any of the ſemi-metals, but 1 
have no doubt of their anſwering as well as the proper metals. 


13. WHEN the pointed wire was made to incline to the plane 
on which the colours were made, the circular ſpot was quite 


round, and the center of it in a perpendicular let fall from the 
point upon the plain ſurface; but the colours were projected in 
an oblong form, the center being in the pointed wire continued. 
'Uron ſhewing theſe coloured rings to Mr. Canton, I was 
agreeably ſurprized to find, that he had likewiſe produced all the 
priſmatic colours from all the metals, but by a different opera- 


tion. He extended fine wires, of all the metals, along the ſur- 


face of pieces of glaſs, ivory, wood, &c. and when the wire 
was exploded, he always found them tinged with all the colours. 


They are not diſpoſed in ſo regular and beautiful a manner as in 
the rings I produced, but they equally demonſtrate, that none 


of the metals, thus exploded, diſcovers the leaſt preference to 
one colour more than to another. A variety of other very extraor- 
dinary appearances occured in the courſe of Mr. Canton's expe- 
riments in melting wires, but I forbear to mention them, as I 


hope he will ſoon favour the public with a communication of 


them himſelf. 
| In what manner theſe colours are formed, it may not be eaſy 
to conjecture. In Mr. Canton's method of producing them, the 


metal, or the e and vitrified parts of it, ſeem to be diſ- 
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12. Tuns coloured rings appear PE gs nt on all the me- *_ 


_ pevſe. 
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perſed in all directions from the place of exploſion in the form of 
ſpheres, of a very great variety of ſizes, tinggd with all the variety 


of colours, and ſome of them ſmaller than an be 
any magnifier. In my method of making theſe. colours, 


they ſeem to be produced in a manner ſimilar to the production 


of colours on ſteel, and other metals i. e. the ſurface is 
affected, without the of it being removed from their 
places, certain formed, of a thickneſs 
proper to exhibit the ee a Trl > ch 


* * A 
» * 
i " ” , 
* 
0 g 
* 
© - 
— 
— * 0 
5 * 
* 
* . * 
a F 
2 8 
* * 
* * 
a * s 1 K 
* 4 
- P t 8 
9 * 
* * 
5 
- 
: # * 
A 
- 
* 
s «as * 
4 
— o P 
* 
SY * 
* * 
A 3 4 
* 
* 
— a 5 
* 
„ — 
. - 
P 
o . 
4 
9 % 
2 * * . wo 
7 n 
— p k 
\ , & Ld 
* - 
=> * 
% 
- 
* * 
* * 
ny * * 
* * 5 w * 
0 = F 
4 
* 
. = £ * * 
— - * 
— - * — 
* * * 
- 
— — 
„ 
- 
— 
— 
% * 1 
$ x * ; * 0 
* 
Z 
"7 _ . 
[4 
LY 
— * 
* 7 
* * & 
= z 
- 
* 
— * * 
* - 
4 4 ” * 
ae 7 
** 
* » * * 
» 
* - 
* 
* * 
t . , 
a 
* hr % 
- 
— 
9 * 
— # A 1 * 
- , . „ 
4 S SA \ 
* 
— „ 
- 
o x a 
- .* 
* * * * 
- iid * 1 * 
* — 
7 
- 
* 4 
* * * 1 
: 4 
* * 
2 
- * 4 pe 
e 
* % 
# Aa Fl » 
* 
- - 
- - 
« 
- 
” — 
- 
oy 
* 
- 
— 
— 
* 
” 
1 


* 


src. XIV. OF ELECTRICAL EXPLOSIONS. 651 


„„ >. E 4 a | 
* # 
95 * ” . 4 
N . 2 # | * v 
jg + © 3 f : : 


| C2 +324 154 To 
& * & 44. + "IS 3 | $. 3 we [ p 5S * 4 ** * 8 4 * * 
1 1 
pn . 4 * * 
* * * - 


Exypnncanrs o THE ' LATERAL FORCE? or ELEC- 
2 EXPLOSIONS. bel 
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J EING informed, in accounts of — done by 8 of 
' perſons and thin gs being removed to a conſiderable diſtance, 
without receiving any hurt; I was excited to try whether 1 

| could produce. ſimilar effects by electricity. All the other known 
effects of lightning had been frequently imitated by the appli- 
cation of this power, but I do not know that this effect has ever 
been ſo much as taken notice of by any electricians. The ex- 
periments. . preſently found to be very eaſy, and I think it not 
difficult to aſcertain the cauſe, and the manner in which this, 
ſtriking effect is produced. 

Ir pieces of cork, powder of any kind, or any light ates 
whatever, be placed near the exploſion of a jar or battery, they 
will not fail to be moved out of their places, upon the inſtant of 
the diſcharge. If the exploſion, of a large battery be made to 
paſs over the ſurface of animal or vegetable ſubſtances, in the . 
manner deſcribed above, and large corks be ſtrewed along or near 
the part intended for it, it is ſurpriaing to obſerve with what vio- 
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lence they will be driven about the room. This diſperſion i is in 
all directions from the center of the exploſion, and it makes no 


difference whether the rods, between n it is made, be map 


pointed or other wi. 

"Tus effect of this lateral force is very remarkable in attempts 
to fire gun powder in electrical exploſions. If the gun powder 
be confined ever ſo cloſe in quills or cartridges, and they be held 
faſt in vices; yet, hen the exploſion is made in the center of 
them, it will ſometimes happen (even When a wire has been 
melted in the midſt of the powder, and the fragments have been 
ſeen red hot, for ſome time, in different parts of the room) 
that the powder has not been fired, or only a few grains of it, 
the reſt being diſperſed with great violence, part of it flying 
againſt the faces of perſons who affiſted in making the experi- 
ments. This circumſtance, together with the charcoal being 


4 conductor of electricity, makes it fo extremely difficult to fire 


gun powder by electrical explofions; and it is evidently owing 
to this lateral force, that parts of the melted wire fly fo many 


ways, and to ſo great a diſtance from the place of exploſion. | 


Tuis lateral force is exerted, not only in the neighbourhood 
of an exploſion, when it is made between pieces of metal in the 
open air, but alſo when it is tranſmitted through wires that are 
not thick enough to conduct it perfectly; and the ſmaller the 
wire, and the more complete the fuſion, the greater is the diſ- 


* erfion of light bodies placed near it. At one time, when the 


wire was not melted, but turned blue by the exploſion (in 
which caſe it generally aſſumes a duſky red, which laſts but 


for a moment) there was a ſmall diſperſion from every part of the 
wire, but by no means ſo great as it would have been if i it had 


been melted, or only heated to a greater degree. 
By a conſiderable number of trials, I found, that a greater 


force 
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foree of exploſion would move light bodies at a greater diſtance; 
but the; ſmaller the bodies were, the leſs was this difference; ſo 
that I imagined,” that if they had no weight at all, they would, 
probably, be moved at the ſame diſtance, by the exploſion from 


any quantity of coated ſurface, charged equally high: but there 
Was a great diffe ence in the weights removed by different forces 
at the ſame diſtance. Placing the ſame piece of Kork at the 
ſame diſtance from the place of exploſion, I found that the diſ- 


charge of one jar removed it one fourth of an inch, two jars 


one inch and one fourth, three jats one inch and three fourths, 


and four about two inches, ſo that Ido not · wonder at very heayy 
bodies being moved from their places, and to conſitle able 
diſtances, by ſtrong flaſhes of lightning. 14 841 
Tur the immediate cauſe of this Uipertion of bodiewis a 
neighbourhood. of electrical exploſions/isnot their: being-ſuddenly 
charged with 'a quantity of electric matter, and therefore flying 
from others that are equally: charged with it is, Lihink, evident 


from the following experimonts and obſervations. I never ob- 


ſerved the leaſt ſenfible attraction of theſe light bodies ta the 


braſs rods through which the exploſion paſſed, or to the eledric 
mattet paffing between them, previous to this repulſion, though | 
Fuſed! ſeveral methods, which could net have failed to ſhow.it; 
if there had deen any ſach thing. Sometimes 1 ſuſpended them 
in fine filken ſtrings, and obſerved that they had contracted no 
electricity after they dad been! agitated in the manner deſcribed 
above. Sometimes Idipped them in turpentine, and obſerved that 
no part of i it was fo nd ſticking, either to the braſs rods themſelves, 
or to any part of the'table betwixt them and the place where the 
light bodies had been laid. even found that the exploſion of a 
battery, made ever ſo near to a braſs rod, did not ſo much as diſturb 
the equilibrium of the electric fluid in the body itſelf; for when 
I had inſulated the rod, and hung a pair of pith balls on the end 
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_ oppoſite to that near which the explofio, paſſed, I found that 
_ the: balls were not in the leaſt: moved at he time of exploſion 4 
which they would have been, if part of the electric fluid natural 
to the body had been driven; though. but for a moment, towards 
the * end. I alſo obſerved, that the big was the ſame 
when the exploſion was madle to pais through one of the knobs 
of the cad ted rod. This lateral force was — through thin 
ſubſtances of various kinds, interpoſed between the exploſion 
and the bodies removed by it; as paper, tin foil, and even glaſs; 
for hen ſome grains of gun poder were put into a thin phial 
cloſe 9/9 and held near the exploſion of a "BReTY "RF 
were: n into manifeſt agitation. | 144 ++ eib 
I TyeREFoORE think it moſt probable, that this lateral force i is 
produced. by the expulſion of the air from the place where the 
exploſion is made. For the electric matter makes a vacuum of 


air in its paſſage; and this air, being diſplaced ſuddenly, giv 
a concuſſion to all the bodies that happen to be near it. Hence 
the removal of the light bodies, and the agitation communicated 


to the thin e aud to ths: air, and che an . Placed 
. beyond them. 12 doi 197 
this lateral hows 


is not ſo much leſs in vacuo as might: be expected, when 
is ſuppoſed. to receive the concuſſion fick,.. and to.c :ommunicate 
It. to other bodies; but it muſt be conſidered, tha! hs. moſt 
perfect vacuum we can make with a pump is not free from ai 

I have tried to make this experiment in a torricellian vacuum, 
but could not ſucceed at that time. Beſides, as the electric 
matter of which an exploſion. conſiſts muſt take a wider path in 
vacuo, if not equally fill the whole ſpace; it may affect a body 
in its paſſage, without the intervention of any air. In condenſed | 
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air, this ewes fare was ot, as 5 far a8 1 could perceiue, much 


— "Willie to hack: nan kind of an \ impulſe it it was 1 ited 
| upon bodies, when they were driven away by this lateral force 
of electricity, I held my finger near the path of an exploſion of 


the battery, paſſing over the ſurface of a green leaf, when I felt 


a ſtroke, as of ſomething! puſhing againſt my, finger. Several 


corks, placed in the ſame ſituation, were n to a ee 


diſtance by the ſame exploſion. 


RECol LECTING that this power, which I now " call 85 F a 


force of electrical explofions, muſt be the ſame with that which 


gives the concuſſion to water, mentioned in my experiments to. 


imitate an earthquake, and to vegetable and animal ſubſtances, 
over the ſurface of which it paſſes; and being determined to 
make a more ſatisfactory trial of it then I had ventured to do be- 


fore, I laid a green leaf upon the palm of my | hand, intending to : 


make the exploſion paſs over the leaf; but the leaf was burſt, 


and torn to pieces, and the exploſion paſſing over my hand gave 


it a violent jar, the effe& of which remained in a kind of ting- 
ling for ſome time. 


LASTLY, in order to judge the more perfectly of this N E 


laid a chain communicating with the outſide of the battery upon 


my bare arm above the wriſt, and bringing the diſcharging rod 
near the fleſh, within about two inches and an half of the chain, 
I made the exptoſion paſs over that quantity of the ſurface of the 
ſkin. Had I taken a greater diſtance, I was aware that the explo- 
gon would have entered the fleſh, which, I was ſenſible, would 


have given a painful convulſion to the muſcles through which it 
paſſed. In this caſe, the ſenſible effect was very different from 
that, being the ſame external concuſſion as before, and I have 


ſometimes aneh that che ſenſation is not diſagreeable. How- 


even 
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ever the hairs upon the ſkin were all ſi 
the whole path of the . exploſion, and for the ſpace of about 
half an inch on each fide of it alſo the 
ſkin were raiſed, as when a perſon is ſhivering with cold. This 
was alſo the caſe in every part of the arm which the chain 
touched, and even that part of it which was not in the circuit. 
Both the path of the exploſion, and the place on which the chain 
had a redneſs, which remained till the next day. 
Sometimes the fleſh has contracted a blackneſs by this experi- 
ment, which has remained for a few r 
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VARIOUS © EXPERIMENTS | ON THE FORCE or ELECTRICAL 
EXPLOSIONS. ; 


F# * „ yy 2 7 + * 
© a 94 ww 


TAKING the exploſion of a battery paſs over © the ſurface of 
a a green cabbage leaf, I obſerved that it left a track, near. 
a a quarter of an inch in breadth, exceedingly well defined, and 
| diſting uiſhable by a difference of colour from the reſt of the leaf. 

- a this path alſo the firmneſs of texture in the leaf was entirely 
deſtroyed, that part becoming quite flexible, like a piece of cloth. 

Preſently after it turned yellow, gow withered, and bene 
perfectly brittle. 

Wi1LLING to try the fea 0 this exploſion paſſing pe 0: the 
ſurface of other ſubſtances, I laid a piece of common window 
glaſs on the path, preſſed by a weight of ſix ounces; but it was 
ſhattered to pieces, and totally diſperſed, together with the leaf 
on which it lay. Placing the black ſide of a piece of cork wood. 
upon it, preſſed by a weight of half a pound, the leaf was not 
tent, but the cork was furrowed all the way, a trench being 
made in it, about half an inch in breadth, and a quarter of an 
inch in depth. I the ſmooth cut {urface of the piece of 
cork, 


688 VARIOUS EXPERIMENTS o par Vit. 


cork, it was furrowed all the way as if it had been cut with a 
file, but not near ſo deep as before. Many of the ſmall pieces 
which had been rubbed off in the exploſion, remained in the 


furrow. Alſo the ſubſtance of the cork ſeemed to be ſhattered, 
and it was eaſily rubbed off, a little way into it. 


I MADE this exploſion on the ſurface of ſome red wine in a 
{mall diſh, and kept a part of the ſame quantity expoſed in a 
ſimilar manner, but I could perceive no difference n them 
after ſeveral days. 


Tux track of an electrical oe on the ſurface of the 4 
bage leaf being ſo well defined, ſuggeſted an experiment to aſ- 
certain whether there was any ſenſible momentum in the electric 
fluid, when it is ruſhing with violence from one fide of a battery 
to the other. For this purpoſe I made the exploſion paſs over 
the leaves when they were cut in right and acute angles ; ſo that 
the ſhorteſt path, from the inſide to the outſide of the battery, 
was to turn cloſe at the angle ; and obſerved, that it was not 
diverted from its courſe in the leaſt degree by the rapidity of its 
own motion, but that it had turned exactly at the angle; and 
kept as cloſe to the oppoſite ſide, as if the motion had begun at 
the angle. The electric matter had however been evidently 
attracted by the veins of the cabbage leaf, having purſued them a 
little way, at leaſt having ſenſibly affected them, wherever it 
met with them in its paſſage. a 
Tuis experiment ſuggeſted another, PLIES to determine 
whether the force of an exploſion was at all diminiſhed by being 
diverted from a right lined courſe, and made to turn in a great 
number of angles. To do this, I firſt found, by a great number 
of trials, what length of a ſmall iron wire I Was able to melt 
with a battery of about twenty ſquare feet, in the middle of a 
circuit of about three yards of braſs wire, conſiderably thicker 


than 


rc. XV. Tas FORCE or EXPLOSIONS. 689 


| than the iron, and ſtretched in two right lines, ſuſpended on 
' filken ſtrings. The length of the iron wire melted in theſe cir- 
cuniſtances was about three inches. I then took the ſame braſs 
wire, and, fixing pins into a board of baked wood, twiſted it 
about them, making it turn in a very great number of acute 
angles; and I put three inches of the ſame iron wire in the mid- 
dle of this crooked circuit, that I had done in the ſtraight one, 


ſo that the electric matter in the exploſion was obliged to make 
a great number of turns at acute angles, before it could come 
to the iron wire; but I always found that the ſame length of 
iron wire was melted in theſe circumſtances, as in the other, 
and not the leaſt difference was perceived in the force. 
Bur though the form of the wire through which an exploſion 
paſſed made no difference in its force, I found a very remarkable 
difference occafioned by the length of the circuit, in wires of the 
fame thickneſs, and which, I own ſurprized me very much. 
| In order to aſcertain the practicability of firing mines by electri- . 
cal exploſions, I took twenty two yards of ſmall braſs wire (but . 
ſo thick, however that I could not have melted the leaſt part of | 
it, by the force of any battery I have ever conſtrued) and ex- 
tending 1 it along a dry boarded floor, with a ſmall piece of iron 
wire, and a cartridge of gun powder about it, in the place that 
was moſt remote from the battery; I found that, upon the diſ- 
charge, the wire was not melted, nor the gun powder explod- 
ed; alſo the report was very faint. In other circumſtances Aa 
charge of the ſame battery was able to melt more than nine 
inches of this iron wire, and this ſame cartridge was eaſily fired 
near the battery, connected with ſhorter pieces of the ſame braſs 


wire; fo that the diminution of un muſt have been ing to F : 
the length of the circuit. 


In x the place of this ſmall braſs wire, 1 ſubſtituted an iron 
E T wir „ 


690 VARIOUS: EXPERIMENTS Wt Paxr VIII. 


| wire, one fifth of an inch thick; when about half an inch of the 
ſmall iron wire was exploded ; ſo that the force was not leſſened 
ſo much in a circuit of the thick iron wire, as it had been in one 
of the ſmall braſs! wire. In order to judge how much of the 
Force might be loſt by nearer circuits, conſiſting of leſs perfect 
conductors, I joined the middle of the cireuit made by the iron 
wire with water, in which both the wires were immerſed. The 
effect was, that the ſmall iron wire Was _ mg red bot, but 
not exploded as before. 

Brix d ſenſible how much 3 upon wag all leſſer 
circuits, whereby part of the fire of an exploſion might return 
to the battery, without reaching the extremity of the circuit, 

where I intended the whole of its force to be exerted; in the re- 

maining experiments, I inſulated half the circuit of iron wire. 
There was no occaſion for inſulating the whole circuit: for if 
there was but one paſſage to or from: the middle of it, there 
could be put one from or to it. In this method it was eaſy to 
aſcertain what loſs of force was occaſioned by the length of the 
eircuit, as every other circumſtance was carefully excluded. 

And ĩt preſently appeared to be very conſiderable ; for though 
Leguld melt nine inches of the ſmall iron wire at the diſtance of 
fifteen yards from the battery, when I tried twenty yards, 1 
found that I was juſt able to make ſix inches of it red hot. The 
battery in theſe experiments was in the houſe, and the wires of 
which the circuit conſiſted were ee by Aalen lag intg 1 
ganden: adjoining to the houſe;..  _ 7% 

Mrxrionxe this loſs of force, W Pug the length of 
hs circuit, in electrical exploſions to Dr. Franklin, he told me 
that the ſame obſervation had occurred to him, and that he alſo 
had been diſappointed in an See to. — gun den af Fl our 
tance from his e. 2 af HT 35 ERS 


1 


STRUCK 


1 3 
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SrRuek with this appearance, 1 endeavoured bo afetr ain the | 
quantity of this obſtruction, by trying what other courſes the 
electric fire would chuſe, preferably to a long metallic eireuit. 
In the firſt place, taking about a yard of the ſmall braſs wire 
mentioned above, I diſpoſed it in the manner deſcribed fig. 9. 
Pl. i.] connecting one of the ends with the outfide of the battery 
and the other with the inſide. In the firſt place I brought the 
| parts [a] and [5] (near the two extremities) into contact, and, 
upon the diſcharge, found there had been a fuſion 1 in that place, 
and that a great part of the fire had taken the ſhorter circuit, 
though it had been obliged to quit the wire in one place, and 

enter in again in another. Afterwards I removed the parts, [a] 
and [4] to a ſmall diſtance from one another, and, upon.the explo- 
ſion, obſerved a ſtrong ſpark paſs between them. Removing 
them to greater and greater diſtances, I. found. the exploſion 
choſe to paſs above one third of an inch in the air, rather 
than make the' circuit of the continued wire. Viing a longer and 
ſmaller i iron wire, the paſſage through the air exceeded half an 
inch. I then took four or five yards of iron wire, one tenth of 
an inch thick; when. the paſſage through the air was, Rill half 
an inch; and taking three yards and a half of a wire that was 


> 
* 


one fifth of an inch thick, the ſpark in the air was half an 
inch. and ſometimes near three quarters of an inch. Making 
uſe of only half the length of this wire, the paſſage through 
the air was only half that diſtance, or one fourth of an inch. 
When I kept the place of near contact about the middle of this 
wire, and made the exploſion at the extremities of the whole 
wire, I was obliged to bring them about as near again, i. e. 
to little more than one eighth of an inch before the paſſage 
would be through the air; ſo that the force of the whole explo- 
lion muſt have been greatly weakened by” its. paſling through ſo 
4 Tz much 


% 
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much of the wire. Laſtiy, I took a pair ef kitchen tongs, the 
legs of which were two feet in length, and the ſmalleſt part of 
them above half an inch in diameter; when the circuit was made 
about one fixth of an inch in the air (for at that diſtance from one 
another the ends of the . had deen * we) Wann W 
four feet of that thick iron. i 5 
Nor WITHST ADM this cater of the exploſion through the 
air, at the ſame time that a metallic circuit was open for it, it 
was evident that the whole of the force did not paſs this way, 
nor indeed the greateſt part of it. For when I extended a ſmall 
iron wire between [a] and I,] 1 conld only make about half an 
inch of it red hot, whereas, when there was no other metallic 
circuit, 1 was able, with 7 fame . to > explode more 
than two inches of i 1 
As the electric fire meets with is Hoch obſtruRion 5 in palin 
through acircuit of iron of this thickneſs, I make no doubt, but 
that it is conſiderably obſtructed in paſſing through metallic cir- 
euits of any thickneſs whatever; and that it would prefer a paſ- 
fage through the air, if they were made even of no great length. 
In this methed, the different degrees of conducting power in dif- 
ferent metals may be tried, uſing metallic circuits of the ſame 
length and thickneſs, and obſcrving the difference of the paſſage 
through the air in each. N. B. A common jar a nſwers as well 
in theſe experiments as a large battery. ? 


Ix is evident, from many experiments, that the whole fre of 
in exploſion idece mot paſs in the ſhorteſt and beſt circuit, but 
that if inferior circuits be open, part will paſs in them at the 
ſame time, Of this I made the following ſatisfactory trial. I 
took an iron chain, and laid it upon a table, in contact with a 
charged jar ; ſo that the parts of it made two circuits for the diſ- 
charge, which I could vary at ipleaſure ; and I obſerved that, 
when 


when one of the circuits was but half an inch, and the other more 
than half a yard; yet, if the charge was high, it always went 
in them both, there being conſiderable flaſhes between the links 
of the remoteſt part of the ehain. If the charge was Row it 
paſſed in the ſhorter circuit only. 


Ir is evident that when the wires of a battery are not in cloſs 


contact, there muſt be ome. 1 loſs of force in the diſcharge z but- 
this never appeared to me to be fo confiderable; as Mt. L. Epi- 
naſſe ſeems to have imagined. * In order to aſcertain this by 
experiment, I firſt found, by repeated trials, what length of an 
iron. wire, of a, certain. thickneſs, I was able to, melt with. 


a battery conſiſting of twenty jars, conſtructed in the manner 
deſcribed above. It was about two inches and a half. I then 


ſoldered all the wires together, and alſo ſoldered one rod to 
them all, inſtead of a chain which 1 had uſed before, fo that I 


avoided near a hundred ſparks, in each of which-fome force had 
been loſt ; but I did not find, after many trials, that the power 


of the 3 was ſenſibly diminiſhed. 1 fl could not melt 


three inches of the fame wire. 


* Phil, Tranſ. Vol. 57. pt. r. p. 386: |. 
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1 | ARCH the: . LP: I all that an cleric ſpark 
L taken- from the prime conductor itſelf was. not near ſo 


6 % 1 + 


grog and pungent, as one taken through a piece of metal inſu- 


. 


lated, and enen betwen my finger ; and the conductor. 42 1 


1 


pa piece of metal. And, in 1 manner, r was 


preſented received a full and ſtrong ſpark: whereas a great part 
is commonly diſſipated, in pencils or ſtars, even when pretty 


large braſs knobs are preſented to the prime conductor itſelf, if 
the excitation be very powerful; unleſs both the conductor 
and knob have one preciſe degree of ban e to one 
another. 

ONE fingle braſs ball 1 the ſpark as ſtrong as che intergo- 
ſition of a long piece of metal, or of many pieces. 

WHETHER one, a few, or a great number of pieces were 


uſed, it ſeemed that the intervals taken together mult be equal. 
BuT 
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Bug theſe. intervals taken together will be larger when the 
ieces are plagod:i in a right, ene when they, are laid in a 
n e TFH 
| Wes in one 70 or a number of them be interpoſed 1 if 
a ſpark be ſolicited it will not ſtrike the firſt, unleſs i it dan, at he 
; fame time, ſtrike all the reſt.” 4 3H ieee ot ele 
l theſe expeflinents ſüebeed, in the ane manner; with the 
exploſion of a charged TR 5g 30 | S9PIQ em HOT x 
Song of the above-mentioned crclimnthucbs; 1 afterwards 
found, had been taken notice of by Signior Beccatia. e 
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n e386 130003 307 iis 
As Jon Was che amuſing pfiß winks e 1558 1 
Fon a large prime conductor of poliſhed copper, and conſider- 
ing the deceptions that electricians had fallen into with reſpect 
to the direction of the electric matter; I could not help being 
ſtruck with one deception, which. the eyidences of my ſenſes 
would never have rectified; and which ſhowed very clearly, 
how little the evidences of the ſenſes is to be depended upon 
in. ſuch caſes. I obſerved, that, whether I made this large 
conductor give, or take the electric fire (for I eculd make it 
do either at pleaſure," and with the ſame force) I Rill fancied 
that a ſpark taken With a hraſs: ball above the conductor de- 
ſcended to it, and that a ſpark taken below it 4:92 tl 
it; but ſparks taken wowed ſeemed to bare no one certair 
direction- 101 101614869 hoog ei OEVvW 2110 185 * 931 Dis eie p 
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„ 8 8 Dr. Franklin Hy LES concerning 
th eſſential c ifference between conductors and non-conduRtors, 
I made a pretty large piece of glaſs red Hot. (in which; ſtate I 
had proved it to be a real conductor of electricity) and placed it 
upon a ſmooth piece of copper, inſulated ; ; ſuppoſing. 1 if 
electric ſubſtances had naturally a much greater ſhare of the elec- 
tric fluid than conductors, this piece of glaſs, in paſſing from 
a conducting to a non · conducting ſtate, muſt exhauſt the copper 
of its natural-ſhare' of the electric fluid, and leave it electrified 
negatively. But 1 could perceive no kind of electricity, either 
| in the copper, or the glaſs, during the whole time of its cooling. 
oben time after, I found that Mr. Cigna had endeavoured to 
to a ertain the ſame thing, by reducing ice into ver; wap ice 
und water are mags condodters of Wy 
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As the oourſe of my experiments has required a great variety 
of eleAtical exploſions I could not help. obſerving. a great variety 
in the mucal tone made by the reports. This excited my eu- 
tioſity to attempt to reduce this variation to ſome meaſur 5 
Accocdingly, November the 37th, by the help of a couple. of 

| ſpinets, nd two perſons who had good cars for muſic, I endea- 
III | vpvoured 


[ 


n R 
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vonrdd to aſcertain the tone of ſome electric exploſions ; and ob- 


ſerved, that every diſcharge made ſeveral ſtrings, particularly 
thoſe that were chords to one another, to vibrate: but one note 


was always predominant, and ſounded after the reſt. As every 
exploſion was repeated ſeveral times, and three of us ſeparately 


took the ſame note, there remained no doubt but that the tone 


we fixed upon was, at leaſt, very near the true one. The reſult 
was as follows. 


A JaR containing half a ſquare foot of PER glaſs ſounded 


F ſharp, concert pitch. Another jar of a different form, but 
equal ſurface, ſounded the ſame. 


A JaR of three ſquare feet funded C, below F os” A 


battery, conſiſting of fixty four j jars, each containing half a. N 
foot, ſounded F below the C. 


a greater quantity of coated glaſs, always? gave a deeper note. 
 DirFERENCES in the degree of a charge in the ſame jar made 
little or no difference in the tone of the exploſion; if any, a 
higher charge gave rather a deeper note. 


From theſe experiments it will be eaſy for any perſon to com- 


pare the quantity of ſquare feet of coated glaſs, with the ue 
of muſical ſtrings giving the ſame note. For this purpoſe, I 
could eaſily have found more terms of the ſeries; but 1 am 


afraid philoſophers in general will think it trifling enough to 


have found ſo many. I do not expect that electrical exploſions 
will ever be introduced into concerts of muſic; or that theſe ex- 
periments will be of any uſe to meaſure the extent of the clouds 
from which a clap of thunder proceeds. But true philoſophers 


will not abſolutely deſpiſe any new fact or obſervation, though | 


it have no immediate, or apparent uſe. RI. 17 
e en v. 


Tux ſame battery, in conjunction with another of thirty one 
jars, each containing a ſquare foot, ſounded C ſharp. . So that 
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v. Exrzxhürure ON THE EFFECTS oF GIVING A METALLIC 
TINGE TO THE SURFACE OF GLASS. | 


Ir has long been a queſtion among electricians, where the 
"debtric matter that conſtitutes the charge of a plate of glaſs lies; 
whether within the pores of the glaſs, or only upon the ſurface ; 

and ſome experiments I have made will perhaps be tought to 
throw ſome light on this difficult ſubject. 
I con$IDERED that the common coating of a jar is not in actual 
contact with the glaſs, but that the metallic tinge, which is 
given to glaſs by an electric exploſion of the metal upon its ſur- 
face, is probably in contact with it, if not lodged in its pores. 
I therefore gave a coating of this kind to both ſides of a plate of 
glaſs; and at firſt imagined that the glaſs, coated in this manner 
did receive a charge, as well as if it had been coated in the com- 
mon way; for it gave a real ſhock ; but I very well remember, at 
that time, being a little ſurpriſed to ſee the electric fire run over 
the ſurface of that coating, a thing not poſſible in the common 
way. However, not ſufficiently attending to that circumſtance, 
I was purſuing the experiment, and trying. whether, by com- 
bining this piece of glaſs with a large battery, and making the 
diſcharge of both upon this metallic tinge, I could not melt part 
of it, and thereby fetch it. out.of the glaſs ; as that method would 
| have melted, and abſolutely diſperſed a conſiderable part of 
the coating of a common jar. But I was prodigiouſly ſurpriſed 
to find, that, though the connection of this metallic tinge with 
the battery was complete, the diſcharge could not be made by 
bringing the diſcharging rod upon it; though within three quar- 
ters of an inch of another braſs rod, that formed the communi- 
cation between this plate of glaſs and the battery. This convin- 
ced. 
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ced me that the metallic tinge did not anſwer the purpoſe of a 
coating; and I preſently ſatisfied myſelf, that a piece of uncoat- 


ed glaſs would receive juſt ſuch a charge as the tinged glaſs had 

done, 
— aſcertain this matter till further, I ftruck a tinge of his 
kind along two oppoſite ſides of a glaſs tube, about half a yard 
in length; and holding it with my hand in contact with a part 
of this metallic tinge, found that it was excited juſt like another 


tube: for when I diſcharged the electricity of any part of the 


tube where the tinge was ſtruck, it did not at all diſcharge other 
parts of the tube, whither the ſame tinge extended. Alſo the 
electric ſnapping from the tinged part of the glaſs could not be 
diſtinguiſhed from the ſnapping at other places; except that, 
ſometimes, where the gold lay thicker than ordinary, a denſer 
ſtream of electric matter was viſible on its ſurface, and ran in 


ſeveral ſmall ſtreaks, in different directions, from the place where 


the ſpark was taken. 5 
Tuts experiment ſeems to ſhow, that a coating of metal e ex- 
ceedingly near the ſurface of the glaſs is not at all affected either 
by the excitation or charging of it; and ſeems to confirm the 
hypotheſis of the electric fluid not entering the pores of the glaſs. 
As the giving this metallic tinge to both ſides of a plate of glaſs 


is not very eaſy, the reader will not, perhaps, be diſpleaſed to 
be informed in what manner I ſucceeded in it. After fatiguing 


myſelf a long time in endeavouring to ſtrike a piece of leaf braſs. 


Into the two ſides of a plate of glaſs, to ſerve. inſtead of a coating 


(having alw-ays broken the glaſs in fixing either the firſt or ſecond 
coating) I at length put two other pieces of glaſs, one on each 


fide of that to which I intended to give the tinge, with pleces 


of leaf braſs between them both; and making one exploſion 
through both of them at the ſame time, the upper and the-lower 
Your of glaſs were ſhattered' to pieces, but the middle piece 
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them pretty Acorighy but could perceive no Am in ths 
rims,” either when it began to freeze, which was in about three 
minutes, or in the e of the ice when both NO been 
| frozen ſome time, 

HA PENN S to caſt my eyes into the fields, out of 0 wh PL 
through which I had put the board which I uſed for the purpoſe 
of this experiment, I obſerved, on each fide of the eclearified 
wire, the ſame dancing vapour, which i 1s ſeen near the ſurface of 


mm earth in a hot ſummer's day, or near any heated body that 5 
occaſions an exhalation of vapours. AE En Rn e me 


IX. Tas EXAMINATION oF A GLASS TUBE, WHICH HAD 
"BEEN A LONG TIME CHARGED AND HERMETICALLY SEALED. | 


— 


| DecemBrr the 3 1 examined a glaſs tube, Fe three 
feet i in length, one half of which I had charged i in. the month of The 
March preceding, and then ſealed hermetically ; but could not 
perceive that it was excited in the leaſt degree, either by heating 
or cooling. The difference in the reſult of this experiment from 
ſeveral of Mr. Canton' 8, related p 280, I attribute to the thick- 
neſs of the glaſs of my tube. Mr. Canton charged ſmall balls ex- 
ceeding thin. I alſo obſerved that there was no perceivable 
difference in the excitation of the charged or uncharged part of 


| this tube, and that both parts acted exceeding well. 


I AFTERWARDS opened this tube, and pouring a quantity of 
leaden ſhot into it, found it to contain a very good charge. It 
gave me one conſiderable ock, and ſeveral ſmall ones 30 AS. 1 : 
made no uſe of an outward coating, but only diſchar ge d it by ; 
e it in 1 ſeveral Places by 22 band. ! | 
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> other conſiderations, that bodies of no great watt yin g 4 


* 


II i is plain from Pier experiments, and 


one another, are not in actual contact. As the ſame thing is 


| demonſtrated by an electric ſpark being viſible between pieces 
bol metal lying upon one another, and other effects of electricity 
if pointy the fuſion of the parts through which it goes out of 
one body and enters another, not actually in contact with it) I 
Was — to determine, by this criterion, what weight was 
ſufficient to bring bodies into actual contact. With theſe views, 
I began with laying twenty ſmooth ſhillings upon one another, 
and making the diſcharge of the battery through them ; thinking 
. that the fuſion would diſappear, when the weight was ſufficient 
to preſs them into contact. But I found that the whole column 
was not ſufficient for every piece was melted on both its ſides, 
fo that every two contiguous ſides had ſpots exactly correſpond- 


ing to one another, The deepeſt impreſſions were made near the 
top of the column, but they did not diminiſh with exact regu- 
larity. Perhaps ſmall particles of duſt might prevent ſome of 


1 them from coming ſufficiently near one another. 


AFTERWARDS, I gradually increaſed my weights, till I found 


that about ſix pounds was ſufficient for my purpoſe. The 


fuſion was viſible under that weight, but never under above 
half a pound more, though T repeated the experiment ſeveral 
times by OY 

- I nav ſome dulpition, that the largeneſs of the exploſion might 


have occaſioned a momen tary repullfion, ſeparation, and conſe- 
„ be e, „„ | quent 
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quent fuſion of theſe pieces of metal, Sauk Far by ſuch 
a weight, but I found I was not able to produce any fuſion 4 1 55 
under a greater weight than. that above · mentioned, though, | 
inſtead oF On. two . wy of coated . I uſed above ; 
ſixty. i on 


2 XI. Tur krrrer OF THE ELECTRICAL EXPLOSION: TRAxs- 
-MITTED THROUGH VARIOUS. een 
1 BELIEVE it is generally ſuppoſed, that. als, and other l 
quors are turned ſour by lightning, and I was deſirous of aſcer- 
taining whether that fact (if it be one) was owing to the : [liquors 
being properly ſtruck with the lightning, or to the ſtate of the 
air, &c. during the thunder ſtorm. In order to this, 1 provided 
myſelf with a glaſs tube, nine inches long, and about a quarter 
of an inch in diameter, and by inſerting a wire into one end 
of it, which'was ſtopped with ſealing wax, could eaſily tranſmit 
an electrical ſhock through any ſubſtances contained in it. 
B this means, November the 13th. I began with diſcharging : 
the exploſion of the battery through this tube, filled with Jreſb 
all beer, and obſerved a conſiderable quantity of fixed air, or 
_ ſomething 1 in the form of bubbles, to aſcend in it; but when b 
taſted it, I could perceive no difference between it and that out 
of which it was taken. No doubt the eſcape of ſo much air 
would tend to make it grow ſtale ſomething ſooner. OY : 
I ruxx diſcharged ſeveral large ſhocks through, a tube filled 
"wh red wine, but, after two or three days, could perceive 
no alteration in its taſte, or other ſenſible qualities. In this 
diſcharge, the electric matter did not immediately ſtrike the 
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afterwards ' ave it two a th 
bell was made to receive e exploſio as. . 
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1 A —_ ET" the ſhock through a tube filled with milk, in- n-both 
=_ the methods above-mentioned ; but it was ſweet three days af- 


ſo a tube filled 
without undergoing: 
an I all theſe e: 467-17 I held the tube i in | my hand, without . 
= OE | feeling any thing ef the Thock., 4, 

. 1 ALSO ae the Was ck vile 
| in a finall e of. 
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the fallacy of the experiment when it was firſt made, and the 
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FPitbixe it advanced in the writin ugs of ſeveral electriciane 
r, without ever re- 


(who muſt have copied it from one 
peating the experiment, though it may be 


electric light contained no priſmatic colouts ; I had 
ofity to try ſo extraordinary a fact, and immediately ſaw both 
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cauſe of it. Holding a prifm before my eyes, while the elec- 
tric ſparks were taken at the prime conductor, I obſerved as 


beautiful prifmatic colours as any that are exhibited 


the image 


of the ſun; but when the light was a little diffuſed, as in thoſe 
ted or purple parts of a long ſpark, as it is called, the colours 
were not fo vivid, and leſs eaſily diſtinguiſhed from one wore 


A 


and when the light was ſtill more diffuſed, through | a vacuum 


22 4 
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Pet 4 a 80 e part 
colour through a priſm: fe Qs 
they are immedia ately confounded ith others from different parts 


of the ſame object; to that its natural colour muſt In be 


the reſult. 


As the flames of different . yield . 7 differen, propor- 


tions of the priſmatic colour: 


ing to aſcertain the proportion of theſe rede. in + n light, 


and com pare i it with the proportion of colous from light procur- 


e various other Ways. This may poſſibly determine What 


that Heterogeneous. matter 18, that is rouſed into action by the 


rapid paſſage of the electric fluid, and which is the cauſe of the 


. the ſmell, and per rhaps other ſenſible qualities of ect. 
; but I have not had leiſure to purſue the inquiry. 


Ae electtic ſpark, taken in the middle of a phial Altea with | 


inflammable air, is always of a ted of purple colour, and can- 


; not be made to look white ; but the larger the 0157 — . 


nearer it approaches to white. Fi 


Tx SHALL cloſe this article with j aſt mentioning. another de- . 
ception, which ſome perſons may poſſibly lie under, with reſpect | 
to what i is called the leng th of the electric ark. When a jar is 


diſcharged, it may be imagined, that a body of fire | is ſeen ex- 


tending from the inſide to the outſide; whereas it is pretty cer- 
tain, that that appegrance is occaſioned by the very rapid motion 


of a ſingle ball of fire; in the fame, manner as a lighted torch, 


with no greater motion than a man's arm can give to It, "uM L 
ſeem to make an entire circle of fire... That the fire of an elec- 
5 trical exploſion conſiſts of a ball, or cylinder, of no great length, Ae 
| ſeems pretty evident from one of the experiments with the cir- 
cles, p. 630, in which the diameter of the circle was the ſame, 
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